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PREFACE

The third issue of the Transactions (Trudy) of the Yakuts': Branch of the Siberian
Division of the Academy of Sciences of the USSR (YBSDAS) de Us with the first resuits of
experimental and theoretical research carried out during the ‘nternational Geophysical Year
(IGY, 1957-58).

The collection consists of three sections, The first describes single-model automatic
counter installations used to measure the frequency of extensive atmospheric showers and
cosmic rays below ground, and apparatus which records the iitensity aboard artificial
carth satellites.

The sccond scection deals with analysis of the role played oy meteorological factors in
cosmic-ray variations.

The third section, which is the fullest, describes experimental and theoretical investiga-
tions of extra-almospheric cosmic-ray variations. It should be pointed out that these in-
vestipations were based on analysis of extensive recordings of cosmic rays over a wide
energy range made in Yakutsk during the IGY.

The articles published in this hook have been discussed a4 scientific seminars at the
Physics Research Laboratory of the YBSDAS and at the Institi te of Terrestrial Magnetism,
Tonosphere and Radiowave Propagation of the Academy of Sciences (IZMIRAN). Some of the
articles were delivered as reports, at meetings of the Physic s-Mathematics section of the
Scientific Session of the YBSDAS, on the results of basic scicitific research for 1958 and on
the Branch's tasks in the light of the resolutions of the XXI Puarty Congress (Communist Party
of the Soviet Union) held in April, 1959.

The collection contains articies by L. I. Dorman (Acadery of Sciences Magnetic
Laboratory), and Ye. S. Glokova, N. S. Kaminer and Ya. L. Blokh (IZMIRAN), who used ex-
perimental material collected by YBSDAS for their research. These authors are thanked

for their cooperation and coordination of the research.

Yu. G. Shafer
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LIST OF SYMBOLS USED IN ARTICLES

Intensity of cosmic rays in pairs of ions per 1 em’ per 1 sec in alr at 760 mm Hg;

Compensated value of intensity of hard component in cosmic rays in paris of lons
per sec inside chiamber;

Variation in intensity of cosmic rays in % of mean x value of I

Vanation in inicnsity of hard component in cosinic rays in % Cf_l_o

Variation in intensity of hard component i1 cosmic rays taking into account
fonizaton impacts in % 1y,

Variation in intensity nﬂf&rd component taking into account ionization {mpacts
with correction for variation in atmospheric pressure in % of 143

Variation in intensity of hard component taking into account lonization impaco
and corrections for vanation in aunospheric pressure and temperature of atmusphere
according to Feyubery-Donman system in % of 1 _;

Variation in intensity of hard componcnt taking(?mo account ionization impacs

and corrections for variation in atmespheric pressure and temperature of aumosphere
according to Feynbery-Dorman system in % of I 3

Baromi.tiic coefficient — variation in intensity of hard component during variation
in atmospheric pressure by 1 mbin% of I ;

Temperature cocfficient — varlation in ﬁfecnsity of hard component during variation
in twewperature of surface layer atmosphere by 19C, in % of 1o;

Variation in intcusity of :-meson component due to meteorological factors and calcu-

lated from meteorological sounding data by the Feynberg-Dorman formula in % of the
nican value of the theoretically expected {ntensity’of the y-mesons;

atnusphicric pressure;
Variation in pressure in mb; .5
Differcuce between carth's magnetic field component H and mean value in y (107" ex

Geometrical height of selected layer of atmosphere in m;

Variation in geomeuic height of selected aumospheric layer {n % of mean value in
meters;

Corrclation factor;

Temperature of atmosphere at k-th level in OC,

Variation in temperanire of atmosphere at k-th level in °C.

Particle energy of cosmic rays.

*
Translator's note: Where a comma appears in numbers in tables,

ete., in this volume, it represents a decimal point.
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Section I

EXPERIMENTAL APPARATUS AND METHODS

Yu. G. Shafer and A. V. Yarygin

INVESTIGATION OF VARIATIONS IN PRIMARY COSMIC RADIATION USING ARTI-
FNCIAL FARTH SATELLITE

Many of the publications produced in the USSR and other countrics on the eve of the
launchin. of the first artificial carth satetlite, when discussing the most important tasks in
studyin;, cosmic radiation with artificial carth sptellites, recognize the composition and variation
in primary radiation {1] as subjects of prime importance.

The authors of these publications considered that as a first approximation of a single Geiger
or scintillation counter aboard the artilicial earth satellite could provide sufficient information
regarding the geographical relationship and time variations in intensity of cosmic rays near the
earth.

It was assumed that the interpretation of the expected « xperimental data would make it pos-
sible to deseribe all the known regular and irregular variations in primary radiation and to study
the relationship between them and changes in solar activity, disturbances of the earth's magnetic
ficld and variations in the intensity of various sccondary components observed at sea level.
Furthermore, the material obtained was to be used to study li-year and other long-term varia-
tions in primary radiation.

This program was based on the results of earlier rocket measurements of cosmic ray
intensity [2, 3] which showed the absence of any height dependence of the intensity, starting at
about 50 km. The conclusion was drawn at the time that practically all charged particles at
these heizhts were primary, that their intensity was constant and that the earth's albedo for
cosmic rays was slight.

It was shown, however, that these views were incorrect. Experiments with geophysical
rockets revealed a monotonic increase in intensity with height. From 70-210 km this increase
amounted to approximately 177 [4].

Mcasurements made by Sovict carth satellites and cosmic rockets have shown convincingly
that at a height of 500-1000 km around the earth there is, symmetrical about the ecarth, cor-
puscular rudiation in the cquatorial plane consisting of charged particles of secondary origin
moving round the ecarth in a kind of "trap™ formed by the earth's magnetic field [5].

As shown in publi-ation {5}, these charged particles form two high-intensity zoncs with a
gap where the intensity is at least one order weaker (Figure 1).

In the external zone, limited by magnetic lines of force crossing the earth's surface at the
geomagnetic latitudes 55 and 65°, most ol the particles are electrons with energies of 20-100 kev.

In the internal zone, limited by magnetic lines of force of 30-40°, the data on the composition
of the radiation is more vague, but it is known that it consists of high-energy particles and that it
may contain protons with an energy of 100 Mev.

Measurements made by earth satellites have shown that the intensity increases along the
lines of force when going trom lower to greater heights. If we select points on the same line of
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force of 60° at 300, 1800, 5600 and 14,000 km above the earth's surface, the measured in-
tensities are in the ratio 1 : 20 : 200 : 700, This shows that the recorded charged particles
do not come directly from interplanctary space, but oscillate along the lines of force, i.e.,
they are contained in a trap formed by the earth's magnetic field.

Fiz, 1, Trajectory of rocket in geomagnetic coordinates, The flizht me (Moscow) and
inteisity (vertical lines resting on the wajectory) are shown alongside the mrajectory, The
dots indicate the internal zone and the shading the external zone, The thickness of the
shading gives a qualitative idca of the intensity disgibuton in the <xternal zone {s)

It is koown [rom artificinl earth satellite measurements that the intensity of electgons with
an enercy up to 100 Kev, at a height of about 500 km between the latitudes 60-65° is 10 -10%
particles ~em™2 + see™! - ster™l. When they enter the shell of a satellite or rocket, these
electrons produce x-rayvs which are recorded by the counter.

The instrunients aboard the cosmic rocket only recorded a4 constant intensity of 0,18 1
0.008 particles cem~2.see ™ ster™! above 65,000 km from the center of the earth. It is an
important fact that this intensity of the prime radiation tallies v-ith the results of stratospheric
[6] and rocket [7] measurements in the region of the poles.

There has been a great deal of discussion of late with rega:d to the possible mechanism of
the origin of the carth's corpuscular radiation [8]. Some people consider that the internal zone
is caused by the injection into the earth's magnetic field of elec .rons and protons resulting from
the decay of neutrons produced by the earth's atmosphere v iicn acted upon by the primary cosmic
rays.

The injection of particles into the external zone is apparently caused by the corpuscular
streams emitted by the sun, in which solar-originating electrors with an energy of several tens
of Kev are conveyed in magnetic traps "{rozen" into these streams.

The intensity of the corpuscular radiation has proved to be many times greater than that of
the primary cosmic rays. This fact at first sight creales insuperable difficulties in investigating
variation in the primary radiation and the associated problems »f the origin of cosmic rays.

Reliable observations of the variation in primary particle iitensity are not possible in the
sphere of the carth's corpuscular radiation where the backgrourd exceeds the measurable effect
a thousand or more times. Such measurements are only possil le outside the external zone or in
the lower layers of the ionosphere, beneath the increased-inten sity internal zone, where the
secondary radiation background may be slight or entirely absen.. To investigate the variations we
require a satellite with a circular orbit having a radius 300 to £00 km greater than the radius
of the carth, or an elliptical orbit, the points of which are at thz same average height.

The single counters, double coincidence telescope and ioni:.ation chamber carried by the
artificial earth satellite can provide fairly detailed and exact in ormation on the intensity of the
primary radiation. All these instruments should record radiation with a high degree of accuracy
and over an extensive dynamic range.
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An cavth sateliite of this kind, whose position 3s orientated with respect to the carth, can
uscfully carry scintillation counters and other devices which aid separate recording of the radia-
tion from the upper and lower hemispheres.  The carth's albedo for cosmic rays can be evaluated
from the  fferonce in the instrument readings,

The cange of intensily should he cafculuted on the basis of data fLr the latitude effect, ac-
cording to which (he radiation stream at the cquator is approximately 3.0 particles: min'i'cm_
ster™!, and at the poles about 30 particles -min™' -em™= - ster~] (including the albedo).

In cxperiments with earth satellites it is very important to provide for reliable measurement
of the low intensity in the equatorial region over short intervals of time (at least once a minute).
Otherwise the dita will be unsuitable for determining the position of the geomagnetic equator and
its variations.

The ionization chamber used by us in geophysical rockets [5] makes it possible for the col-
leeting clectrode to accumulate o potential of about 1.5 volts in one minute of chamber exposure
above the equator.  This potential can be measured with our apparatus with an accuracy of 7-10%.

The upper limit of the dynamic range of the ionization chamber should be several times
greater than that due to the latitude effect. This is necessitated for recording the hursts and
fluctuations in the primary radiation due to variation in solar activity, or geomagnetic storms.
Furthcrmore, we have to be ready to measure the secondary riadiation in the internal zone in
case the lower boundary suddenly descends to heights monitorable by the earth satellite.

When determining the measurement range it must be kept in mind that the scale of the tele-
metric device aboard the satellite is usually limited. In this case the range can be extended
either by making the scale rougher (using a divider) or by employving a self-adjusting clectronic
time programming device. The eybernetic principle of this method lics in automatic selection
of optimum conditions under which we can measure any potential (within fairly wide limits) at the
collecting electrode of the chamber, corresponding to the necessary exposure time, the
resolving power and limited scale ol the satellite's telemetric system.

The programming device supgested makes it possible to reduce, when the intensity increases,
and to prolong, when it decreases, the chamber exposure time within the various limits within
which the amplitude of the chamber signal (in volts) can be measured with a sufficient degree of
accuracy on the voltmeter scale in the telemetric system.,

Taking into account the conditions under which cosmic rays are recorded in the earth satel-
lite, the following ionization chamber characteristics can be considered quite sufficient for the
requirements of scientific rescarch:

1) 600-fold range of cosmic ray measurement,

2) exposure-time range from 5 to 120 seconds,

3y wmplitude range from 1.0 to 25 v, and

4) absolute accuracy of the electronic unit in the chamber
circuit of not less than £ 0.1 v,

With regard to the counter units, we consider it advisable to attach single counters to the
scale circuits with different multiplicitics of conversion to increase the measurement range. In
order to reduce the number of transmitter channels, it is necessary to make provision for an
clectronic commutating device which can in turn automatically ptug the outputs of different
counter scale circuits into the telemetric system.

The scaling multiplicity of the two single counters is the samec.

We decided on the following characteristics for the counter devices:

1) a dead time of not more than 150 microseconds,
2) a resolving coincidence time of 10 microseconds,
3) a scaling factor of the coincidence unit of 16, and
4) a scaling factor for the single counters of 128,

The counter parameters arc taken to be the same as in the apparatus we used for the geo-
physical rockets.

A block diagram of the apparatus intended for installation aboard a low earth satellite is
shown in Figure 2.

As can be seen from the drawing the apparatus consists of two parts - the chamber channel
and the counter channel.

The cosmic ray intensity in the chamber channel is measured by the amplitude-time method,



the essence of which is as follows:

The build-up time for the charge at the collecting electrode in the chamber (chamber ex-
posure time) is set by the programming device.

This time is inversely proportional to the intensity of the rzdiation being measured.

We determine the potential accumulated at the central chamver electrode during the exposure
time from the amplitude of the pulse at the measuring system ot tput 1 with the aid of the calibra-
tion amplitude characteristic.

The electronic measuring circuit and the pro-

gramming device provide signals at the output which AN —= =
can be broadcast to the earth. A samplc of a record- f’——+ ‘L—l J_°
/ i1 L utput to
u device

Chamber channel

ing of the signals at a ground receiving point is shown telememic

in Figure 3. It is clear [rom this drawing that the

zero line, from which the pulses arce counted off, is _————— o
fixed two scconds before the end of the exposure. Then Counter channel

the full pulse (without divider) is recorded for one - ——

‘ - —
second, and, finally, the same pulse is recorded fora ™~ J J—1 ¢ :
fourth second, but reduced by a factor of four (with -— —r—
divider). Thus, the mcasuring circuit has two scales S ,..I
S
U

- a 6-volt scale corresponding 1o the once in the tele- (——= W

metric device, and a 24-volt scale.

During the gaps belween recording the zero line
and‘the chAamhor channel pulses, tl?c- pr()gmmming Fig. 2 3lock diagram of inswument intended far
device switches the telemetric device input to the measuring cosmic rays aboard artificial earth satel-
counter channcl. lte: K) ionizaton chamber; 1) measuring ctreulr;

In this channel, pulses from two STS-6 counters 2) programming unit; 3) coincidence unit; 4; elec-
are fed simultancously o the coincidence unit, 3 “gdmc Ccf:m“‘a“"i 5) single counter unit; 6
(Figure 2), and through the eleetronic commutator, coding unit.

4, which makes certain they are interrogated in turn, to the sir gle counter unit, 5.

The cosmic ray intensity (count rate) is determined from tl.¢ time interval between voltage
drops at the output of each scale unit, during which there are eight pulses in the coincidence unit
and 64 pulses in the single-counter unit,

The electronic commutator switches the single counter block from one counter to another
after there have been G4 pulses in the counter being interrogated .

The voltay tlrops from the end cells in the coincidence uni. and the single counter unit are
fed to the coding unit. When the counlers are interrogated in turn at the coding unit output there b
is a voltage level of one volt for one counter and 1.5 volts for the second counter. Every eight
coinciding pulses, these two levels either increase by 1.5 volts, i.e., become 2.5 and 3 volts
respectively, or reacquire their former values. Thus, the cod ng unit provides for the trans-
mission to the telemetric device input of four different voltage ‘evels corresponding to a
particular counter for a particular position of the coincidence uiit output cell.

This system of coding, interrogating and programming mal.es it possible to transmit informa-
tion from all four pickups along the same telemetric channel.

The ionization chamber K (Figure 4) is spherical, has a 24) mm diameter and is filled with
argon. The time constant when the chamber is exposed is of th2 order of 10® seconds. The po-
tential at the chamber cloct&odcs is restored when the relay Py contacts are closed with a time
constant of the order of 107 sceconds.

The polarized relay Py makes it possible to produce a puls: of exponential shape without
overshooting or breaking at the measuring circuit input.

The electronic measuring circuit consists of a pulse ampli ier, a pulse stretcher and a
cathode repeater.

The amplifier Ly contains a 2P19B pentode with a screen {ed-back circuit. The use of the
circuit makes it possible to reduce the output resistance of the stage, which in turn has made it
possible to increase the elongation factor and improve the stabitity of the system when the feed
voltage oscillates. The amplification factor of the stage is app ‘oximately equal to 6.

The stretcher Ly uses a 2514B triode connected as a diode The stretcher circuit includes
a "dosing" circuit CgRg5, which is necessary for the normal operation of the programming device.

The tube L3 grid circuit bas different time constants, when recording the zero line and when

-~ O
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recording the signal. The variation in the time constant is effected with the relay contacts Py
and P,, according to the programminyg device.

The cnd cathode repeater has a normal circuit with a 25148 triode. The division factor of
the output divider, required to expand the limits of measurement, is selected in such a way
that the linear part of the amplitude characteristic of the entire channel fits into the 6-volt
scale of the telemetric device.

L7 4

Counter 2 — - - . o .. - - C e e e - I__‘TI
I

“Withoyg divider

Counter } =~ "\ T 77 oo T To ”’77?*"{‘?'
. + with divider | | 'with divider
| U T | [
Counter 2 — -4 -+ -4 -~ - e ——— 4 - -
AR S S - RSN S S
Counter 1 =~~~ t 1 -—- Sy Sl
2 4

~ o

Fig. 3. Speclmen of chamber and counter signal recording .

To telemetric device
To counter channels

Fig. 4, Slmplified chamber channel circuit,



The amplitude characteristic of the chamber channel is given in Figure 5.

The programming device ensures the necessary measurement range and is intended to con-
trol the operation of the chamber relay, stretcher, and divider, and to interconnect the chan-
nels. In our own apparatus we used the automatic programming method devised by A. V.
Yarygin.

The position of the relay contacts in the circuit (see Figure 4) corresponds to the moment
the chamber is exposed. At this moment the counter readings are being recorded. Only the
rclay Py is switched on. To increasc the time constant in the L, tube grid circuit, the diode
L, is disconnected and the dosing circuit is switched on in para‘}lel to the capacitor of the
stretcher Cz. The contacts, 5, of the relay Pz disconnect the telemetric device from the
chamber channel.

With the beginning of the two-second uncontrolled generatior half-period in the multivibrator
L“Lr. the core of relay P5 changes to the right hand position, which means that the relays Pg
and f’z switch on and relay Py switches off.  The diode Ly connects to the grid of tube Ly, the
dosing circuit disconnects, and the telemetric device switches over to recording the chamber
channel signals. The relay contacts P., and P, "short" the stretcher, as a result of which the
telemetric device records a zero line for two seconds.

When the half-period is over, the relay contacts P, and PG remain in their previous
position for another two seconds, on account of the discharge of condenser C19. during which
the chamber pulse is recorded. When the P, relay core changes to the left-hand position,
relay Pj3 "opens' the stretcher, and the chamber relay P] removes the charge from the central
electrode in the chamber. The pulse appearing at the Ry load resistance is amplified, stretched
and after the cathode repeater reaches the telemetric device. Thae divider relay P4 controls the
charge from condenser Cy4 in such a way that the full value of th¢ output pulse is recorded during
the first second and a quarter of it during the second sccond.

When the condenser Cyy is discharged, the chamber is agaii exposed and the signals from
the counter channel are recorded. At this moment the multivibritor is in the position of the
first controllable generation half-period.

The amplitude-time characteristic of the multivibrator is stown in Figure 6. The shape of
this characteristic is sclected with aview to receiving the greatest possible amount of informa-
tion.

The dosing circuit increases the stability of the programmirg device and reduces its "inert
quality" (hysteresis) when there is a great degree of oscillation n the cosmic-ray intensity. For
this purpose the screen grid circuit for tube L4 in the multivibrator includes the circuit RgCo,
which sets a lower limit on the exposure time range. The dosiny; circuit only reports part o£5the
output pulse voltage during the first cycle for control of the mult vibrator. If the intensity of the
radiation remains unchanged after this, the exposure time and the output pulse will not achieve
a stable value until after the third cycle, but there will be no los; of information involved.

A simplified counter channel circuit is shown in Figure 7. .it the input of this channel there
are compensating dividers for each counter and matching emitte; repeaters 1 and 3, which make
it possible to create conditions for the counters close to those rated. Pulses from the emitter
repeaters are fed to both the coincidence unit and a single-countt r unit.

In the coincidence block the pulses are formed by the single flip-flop multivibrators, 2 and
4. assembled with resistance-capacity coupling. Rectangular-st aped pulses lasting 10 micro-
seconds are fed from the single multivibrator output to the coinc dence circuit, 5, containing two
transistors with a total load in the collector circuit. The coincicing pulses are scaled by the
counting circuit which consists of one stage of the emitter repeatzr-amplifier, 6, and four binary
scaling units, 7-10, with a total scaling factor of 16. The output voltage level changes after every
eighth coinciding pulse.

In the single counter unit pulses from the emitter repeater inputs are fed to the electronic
commutator circuit, 11-12, and are then scaled by a similar ciriuit, 13-19, with a scaling
factor of 64.

The electronic commutator which is based on the coincidenc:: principle consists of two
matching emitter repeaters, 20, and two coincidence circuits, 1 .-12. The counters are inter-
rogated in turn by the commutator in the following way. Voltage:: from different arms of the end
stage in the counting circuit, after the emitter repeaters, are aplied to the corresponding co-
incidence circuits, opening and closing the triode in the circuit i1. turn. Only those pulses reaching
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an occupied (conducting) triode arrive at the output. The voltages in the end stage arms change
every 32 pulses, hence after the same number of pulses the counting circuit will be switched
into action to interrogate the next counter. Uout) = 1=~ T—1~—F

Apart from pulses from the counter, the counting cir- { : i I :
cuit input of the single counter unit also receives "brighten- 12 | -
ing" pulses with a frequency of 0.5 cycles per second. The
use of brightening specds up the interrogation of the counters,
which is important when the intensity of the cosmic rays is
low.

The coding unit contains two transistors with an overall 3
emitter load. The transistors are controlled by voltage drops
coming from the scaling cell outputs of the coincidence unit ey
and the single counter unit. In this way various currents
determined by the resistances Ry and R, are commutated.

Combinations of these currents produce different voltage ’ X i ‘chamber
drops at the load (levels), each of which corresponds to the fooS 7 1. without divider
operation of a definite counter for a particular position of . on Y =7 with divider
the coincidence unit output cell, To make the absolute Flg. 5. Amplitude characteristic of cham-
value of these levels positive, a 5.2 volt battery is placed ber channel,

in series with the output.

In conclusion the authors express profound gratitude to
Professor N. L. Grigorov, Doctor of Physico-Mathematical
Sciences, whose advice and practical assistance was instru-
mental in designing the apparatus. The authors are also
grateful to N. N. Goryunov, scientific worker, and I. N.
Kapustin, radio technician, for assistance in designing as-
sembling and testing the transistor systems.
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V. A. Belomestnykh, B. S. Nedzvedskiy and Yu. G. Shafer
INVESTIGATIONS OF VARIATIONS IN COSMIC RAY INTENSITY IN STRATOSPHERE

Investigation of the cosmic rays in the stratosphere is being conducted in Yakutsk with a
counter telescope and a single counter carried aloft into the stratosphere by sounding balloons
and with special recording apparatus on the ground.

The first version of this apparatus is deseribed in [1]. Extensive tests have shown the
criticality of the circuit in the original version with respect to the feed voltages and the un-
satisfactory conditions sclected for certain parts of the apparatus.

This article describes the second version Section through AA
of the apparatus. Numerous measurements 1300 — 180
of cosmic rays in the stratosphere made 4 s ~
with this new apparatus cnabled us to obtain !
reliable experimental material during the ] b 4
International Geophysical Year. Some of 9 { l‘
the results of the analysis of the strato- 41 950
sp_herlcAmcasurmncms are considered in Fig. 1, Diagram showing amangement of Geiger counters
this article. (type STS-6) in double colncidence telescope aboard bal-

The apparatus consists of a double- loon,
coincidence counter telescope (Figure 1) and a single counter. Halogen counters of the STS-6
type are used o record the intensity of the cosmic radiation in two channels.

The coincidence circuit is made with D1Zh crystal diodes and is connected to the counters
by a differentiating circuit R = 10 kilohms and C - 1000 micromicrofarads with a time constant
T = 1072 sec. (sce Figure 3).

The selected system provides a coincidence-circuit resolving time of less than 10 micro-
sceconds and a selection factor of about 4, and is non-critical with respect to the feed voltages.
At the same time, this system brings about a reduction in the input resistance and increases the
counter dead time. Partial elimination of these shortcomings is afforded by careful choice of
the crystal diodes with respect to inverse current, the lower limit of which should be 12 micro-
amps at a voltage of 25 volts.

Use of this system gives rise to certain apprehension with repard to the normal functioning
of the counters, which at first sight are not being used under conditions for which they were
designed. However, comparison of simultaneous measurements of cosmic rays with two tele-
scopes, one of which was joined to the input of the crystal diode coincidence circuit, and the
other to the normal Rossi tube circuit, showed promising results. Data obtained over more than
a year of simultancous operation of the two instruments are compared in the table.

It can be concluded from analysis of the table that counters attached to the input of our co-
incidence circuit mounted on semiconductor diodes do work normally.

Among the other important parts of the apparatus we should mention the single flip-flop
multivibrator mounted on one 1A2P multigrid tube.

The multivibrator has two functions: it shapes the coincidence pulses and works as a generator
when its input receives barographic signals from the positive-polarity relaxer.

These signals are divided into short, medium and long, according to their duration. Their
periods are set by the relaxer according to the position of the aneroid contact within the limits
550 microseconds to 0.003 seconds.

The barographic signals make the multivibrator oscillate by acting on the blocked grid. The
oscillation period of the multivibrator is about 150 microseconds. Asymmetry is expressed by a
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Table. Results of Comparison of Number of Telescope Readings for Same Time Intervals*

June-August 1958 October 1958-March 1959 June - July 1959
A B A/B A B A/B A B A/B
m7 626 1,13 677 636 .11 724 657 1,09
739 | 609 1.13 676 607 1.1 K20 734 1,12
723 654 1.08 640 643 1,07 Gi 576 1,06
H86 61 1,12 720 671 1.13 668 604 1,14
637 o4 1,07 (G (] 1,07 2031 1835 1,00
1064 94 11t T 607 1,00 2072 1827 1,08
1060 960 1,12 1382 1267 1,09 6074 5515 1,10
679 628 1,00 (.4 618 1. 3147 2782 1,13
07 621 1,13 730 677 1,00 5538 H5089 1,09
667 (R 1,09 63 638 1.09 3958 3503 1,13

*A- ﬁ)‘ata from telescope attached to input of coincidence circuit with crystal
iodes;

B - Data from telescope attached to Rossi coincidence clrcuit input,

pulse lengtlh of about 15 microseconds, and by a reciprocal of the pulse duty factor of the order
of 100 microseconds.

Barographic signals are transmitted from the single flip-flop multivibrator output to the
modulator in the form of three typces of pulse trains consisting of £, 8 and 20 pulses.

To avoid mutual induction of the scnsitive elements in the circuit, both multivibrator grid
circuits contain filters R = 33 kilohms and C = 10-20 micromicrofurads.

The relaxer mounted on a MTKh-90 three-electrode neon tube is intended to send signals
indicating barometric pressure and air temperature.

As can be scen from the circuit (see Figure 3), the relaxation period varies with the
position of the contact of the bimetallic temperature pickup. The length of the pulse picked off
the cathode resistance varics according to the position of the aneroid pressure pickup contact.
An integrating (shaping) circuit, 7 = 3. 1073 scc, is coupled to the relaxer output and this con-
verts sawtooth pulses into bell-shaped ones, which are better for -riggering the signal vibrator. ’

The MTKh-90 neon tube is chosen to match the ignition potent al within the limits 140 volts
+2%. This is essential to make it easier to adjust the instrument ; and identify them.

A 1A2P heptode or a 1B2P pentode in a triode regime may be ised as the modulator tube.

Channel | l l Channel I
LT_;—EF‘ {3 ?Hﬂn
{

[2]

Fig. % Block dlagram of airborne apparatus: 1) counter t lescope; 2) coin=
cidence circuit; 3) single flip-flop ascillator; 4) channell 110dulatar; 5)
channel I radio transmitter; 6) channel II radio-ransmitter; 7) channel 11
modulator; 8) single counter; 9) relaxer; 10) power supply uiit,

~N Oy

Normally the modulator tube is blocked. A positive pulse coniing from the single multi-
vibrator unblocks it, and a pulse with a 60-70 volt amplitude is then formed at the modulator
resistance, R = 10 kilohms. This pulse reduces the potential at th2 transmitter tube cathode to
the value which can act as the generation threshhold.

The resistance in the modulator tube anode R = 5.1 kilohms is auxiliary. When the apparatus
is being adjusted to it, an oscillograph or input stand can be attacled to calibrate the telescope.
When the apparatus is being used, this resistance switches off. Tae USW radio transmitter con-
tains a 2P1P tube. Because of the high anode voltage, the transm:tter is able to provide signals
sufficiently powerful for reliable reception over large distances.

The second apparatus channel (Figures 2 and 3) consists of a single STS-6 counter, modulator
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and radio transmitter. The last two of these are similar to those described above in the first
channel; the only difference is that the modulator resistance in the second channel is double the
first.

The transmitters in the first and second channels are spaced at a frequency of 2 to 10
megacycles.

The power supply unit consists of batteries of the following types and ratings.

1. A 390-volt battery with a + 220-volt tap (anode voltage) to power the counter and relaxer.

The circuit normally functions at 390 volts + 8%. Criticality with respect to this voltage is
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determined by the amplitude of the counter pulse, which decreases as the voltage fed to the
counter drops.

2. A bias battery for the first channel circuit of 55 volts, -vith a voltage criticality of 20%. -

3. A bias battery for the sccond channel circuit of 55 volls, with a criticality of 20%.

1. Three filament batteries: a) to feed the single vibrator and modulator in the first chan-
nel, b) to feed both transmitters, and 3) to feed the first channel modulator. The voltage
criticality ranges from 1.65 to 1.0 volts.

The batteries feeding the counters, anode circuits and bias are made up of disc hatteries
type 105-PMGU-0.05. The filament batterics are type 1-KSU-:.. The structure of the power
supply ensures that the apparatus functions normally tor three hours.

To ohtiin the necessary power from the anode battery at th: moment of the pulse it is shunted
with a 30 microfarad capacitance.

Nefore being launched the apparatus is usually checked and adjusted. In particular, the
necessary number of pulses in the barographic signal trains is selected by adjusting the resistances
in the MTKE-90 tube cathode. The relaxation intervals are also sclected by varying the
resistances in the anode circuit,

The STS-6 counters are selected in accordance with the standard on the hasis of the beginning
of the count, length and inclination of the plateau.  Furthermore, the single counters are cali-
brated from a ¥ -preparation and the telescope from a natural background. A deviation from the
standard instruments of more than 2-37" is not tolerated.

When the appariatus is being prepared, the pres-
sure pickup in the barograph chamber is graduated at
the control points 900, 800, 700, 600, H00, 100, 300,

200, 100, 50 and 25 mb. A calibration curve for the
ancroid is plotted from these data.

Before the {light the power supply unit is packed
with cotton wool and placed in a cardhoard box
painted black. Except for the temperature pickup,
the whale apparitus is enclosed in a ccellophane bag to
avoid convective heal exchinge with the surrounding
sphere.

To receive the signals sent out by the trans-
mitters aboard the balloon, the two sets of equipment
(one set for cach channel) are set up at a point on the

Fig. 4. B ock diagram of airbone apparatus

ground. Each set includes a highly sensitive ultra- and appar tus on ground: 1) alrborne apparatus;
shortwave receiver, coder, scaling circuit and 2) USw ra lo receiver; 3) mcillof,raph or visual
Cirure 4 s 'S iner: ) Voo observatic 1; 4) decoder; 5) PS-64 scaling clreult;
l.mduk\to‘r. I igure 1 shm\s a ('it.x;,r.1111 ol ‘1}\( ground 8) telegra diic tape undulator; 7) teleplione for v
instatlation described in {1}, The tape winder and clieck up.

monitoring oscillograpt are the same. Signals

received and processed by the decoder and sealing cireuits are recorded by the undulator on
telegruphic tape on two lines corresponding to the channels in tie airborne apparatus. Accurate
time markings every thirty scconds are marked on the tape.

The apparatus weighs 2150 g; it can casily be carried aloft on two standard No. 150 radio
sounding balloons. The maximum ceiling achieved correspond s to a pressure of 5-10 mb. The
ceiling, however, depends considerably on the quality of the bailoon cnvelopes and preliminary
treatment. The duration of the ascent averages 70 minutes. 1 is usually possible lo receive
normal signals during the ascent and descent to a pressure level of 300-400 mb.

In Yakutsk the cosmic-ray intensity of the stratosphere is measured regularly every other
day. During magnetic storms the number of ascents is increas ed (two each day).

A considerable amount of experimental material has been icquired by the laboratory since
October, 1957. Of measurements relating to different heights he main ones processed are those
during which a pressure level of 100 mb or more was achieved

Processing has made it possible to plot height-dependence graphs, in which the intensity is
averaged according to pressure levels or for 5-minute intervals. The statistical accuracy of the
telescope measurements at the Pfotzer maximum is 1.5 to 3.0'%.

Analysis of the experimental material has enabled us to ob:ain data on the decline in solar

~ O
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activity in cosmic ray intensity from measurements in the stratosphere [2].

It was shown during this rescarch that the intensity of the ionizing component in the strato-
sphere from 1958 to 1959 increased to such a degree, compared with 1957-1958, that a level of
150 mb it amounted to 3.5 + 2% and at 50 mb to 16 + 8% (Figure 5).

S0

T
\
|

T}

3

00

1, pulse/min,

[ \
200 g0 0y
aq L. &0 24
Height, mb,
Fig. 5, Curves showing {ntensity versus height of {onizing component of
cosmic rays obtajned fromn averaged data for stratospheric measurements
made in Yakutsk:
A - during period froni December, 1957 to April, 1958; B - during period
from December, 1958 to May, 1959,

The considerable errors are apparcently due to the small amount of data for great heights used
and to instrument errors, chiefly radiation errors, due to the apparatus being heated by the sun.

Comparison of the results obtlained with ground data on variation in the intensity of the hard
and neutron components in cosmic rays, obtained over the periods in question at Yakutsk, and
with the results of calculations using coupling factors has made it possible to conclude that the
increase in cosmic ray intensity during the decreasing solar activity (from 1957 through 1959)
was due to an additional flow of particles with energies up to 10 + 2 Bev, and that the variation is
not accompanied by substantial transtormation of the energy spectrum and is therefore due to
primary radiation scattering by magnetic fields.

The experimental material obtained does not clash with views on a reduction of the number of
corpuscular streams carrying frozen magnetic fields associated with the fall off in solar activity
[3].

Bibliography

1. Belomestnykh, V. A. and Yu. G. Shafer. '"Variation in Cosmic-Ray Intensity in the Strato-
sphere and Methods of Recording and Investigation”. Transactions of Yakutsk Branch of
Academy of Sciences of USSR, Physics series. Issue 2, p. 47, 1958.

2. Shafer, Yu. G., "Effect of Fall-Off in Solar Activity on Intensity of Cosmic Rays from
Measurements in Stratosphere”. Report given at International Conference on Cosmic Rays,
Moscow, 1959.

3. Dorman, L. I., Cosmic-ray variations, Moscow, Gostekhizdat, 1957,



14

D. D. Krasil'nikov

APPARATUS FOR RECORDING TIME DEPENDENCE OF FLLEQUENCY OF EXTENSIVE

ATMOSPHERIC SHOWERS WITH GEIGER-MULLER COUNTER DETECTORS

Introduction

The development of techniques for the acceleration of particies up to 10 Bev under
laboratory conditions, the need to obtain further information on the interaction of particles with
still higher energies, the desire to ascertain the origin of cosmic rays and various astro-
physical problems associated with them are at present the incentive forlgwestigation of cosmic
radiation particles in the spherc of superhigh energies (greater than 10 “ev) and make the
investigation particularly topical. The investigation of temporal variation in cosmic-ray in-
tensity in this energy region is, amonyg other things, of very great interest.

Temporal variation in the intensity of cosmic rays with supe rhigh energy was little
studied until recently because of the experimental difficulties imvolved.

These difficulties are due first and foremost to the extreme'y small intensity. For in-
stance, to judge from recent measurements and evaluations [1,2], 1 em® of surface at the
boundary of the atmosphere is crossed by particles with cnerqriio greater than 10 Jev once in
twenty eight days, by particles with cnergy E, greater than 10-9¢v once in approximately 240
years, and particles with energy E, greater than 1017 once in (7-8) - 10° years.

At the present time we only know of one way of effectively studying variations in the in-
tensity of particles with cnergy above 1013 ev, and this is by prclonged and continuous recording
of the frequency of extensive atmospheric showers. The latter ¢ re produced in the atmosphere
by superhigh-energy cosmic rays. Due to the fact that every suh shower covers a large area S
(up to several square kilon oters in the case of giant showers) at the depth of the atmosphere, it
is possible to record, over an area S considerably greater than the area o of the detector itself,
instunces of the incidence of superhich energy particles,, that is there is in principle a pos-
sibility of collecting sufficient statistics of instances to perform an analysis of the various types
of time dependence in superhigh energy cosmic rays in spite of the very, very slight intensity.
However, at the present level of techniques employed the practical task of continuous and prolonged
recording of the frequency of these showers involves great difficulties. From the viewpoint of
the variety of conditions (the very great spread of size) of the showers, and the rate at which
statistical data can be collected which have to be covered by the shower recording apparatus,
the latter becomes cumbersome, and the large scale use of suchk short-lived parts as electronic
tubes and self-quenched countlers as detectors means that the work of the apparatus is interrupted,
that a large number of additional links have to be provided and tl at the apparatus has to be care-
fully tended and checked during operation.,

Basically, it is the difficulties involved in arranging the expzriment which have resulted in
comparatively poor stu'v of the time dependence. For example, only a few points in the world
are at present engaged in recording them.

It should be pointed out that the variations in the frequency « f these showers observed in the
depths of the atmosphere (near sea level) are not only due to variations in the intensity of primary
particles of corresponding energies, but are also due, as shown by experience [3-5], first and
foremost to variations in the state of the atmosphere above the oaservation point. By forcing us
to make corrections for atmospheric effects this fact hampers d rect consideration of the varia-
tion in intensity of primary particles with superhigh energies, b'it at the same time, it provides
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an opportunity to study and extend the data on certain important characteristics of the primary
interaction at superhigh energics. This information concerns sich characteristics of the

primary event as the interaction cross scction, multiplicity of rascent particles, fraction of un-
stable particles and so on. Indced, the very genesis and develoyment of the extensive atmospherie
showers is accompanied by a large number of primary cvents [(], and the observed effects of the
atmosphere on their {requency depend in the long run on the chacacteristics of these primary
events.,

Thus, when recording variations in the frequency of the shcwers, the investigation of time
dependence of the intensity of cosmic rays of corresponding energies, which is carried out in
order to ascertain the origin of cosmic rays and to throw light ¢n certain related astrophysical
problems, is combined with the acquisition of further data on the characteristics of the primary
event at superhigh energics of the interacting particles.

The systematic recording of variations in shower frequency near sea level in Yakutsk (100
m above sca level) was begun by the author in 1954 in order to study the associated meteorological
phenomena [5]. There could be no question of studying any other aspects when it was considered
that the incidence of cases ohtained with the use of low-powered apparatus was comparatively
small. Thus, during the first series of observations (1954-1955), recordings in a normal building
with a roofing thickness of 60 g - cem™2 produced a frequency of ibout 10-12 per hour for at-
mospheric showers sclected by the triple coincidence apparatus, at a counter group area of 0y =
0g=ry 0.1 m2. When a 5|()ul)ling unit had been constructed aid a special pavilion built with a
simpler ceiling (2.5 g - em~2), the frequency of the recorded shywers went up to 30 per hour
(1955-1436). During the first series of observations the author used a self-quenched Geiger-
Muller counter, type GS-9, with a working area of about 100 em? each, and during the second
series GS-60 ounters, each with an area of 330 cm2. As the ¢xperiment showed, when the
electronic circuitl for processing the Geiger-Muller counter pulses was simple, and the number of
counters was comparatively small (20-30), it was possible in bcth series of observations to
record for about 85% of the total possible observation time; 15% of the time was wasted on inter-
ruptions involving replacing couniers and tubes and daily checks to assure the proper operation of

the apparatus, interruptior - 1. the power supply and time taken to deal with various types of
malfunctions.
On the basis of a certain am.. { experience, at the begiining of 1956 the Working Group
for Cosmic Rays of the Sovic! Inter-Departmental Committee of the International Geophysical -

Year instructed the Cosmic Ray Laboratory in Yakutsk to const ‘uct a substantially enlarged
instullation, within a comparatively short time, for effective recording of variations in the
frequency of extensive almospheric showers in accordance with the International Committee's -
draft program for USSR research during the International Geopaysical Year.

A draft of the basic parameters and a block diagram of the 2lectronic circuits for this
apparatus, designed by the author on the basis of the Working Group's recommendations, were
discussed by the Cosmic Ray Laboratory staff after checking with the work supervisor, 8. I.
Nikol'skiy, and at the end of 1956 the design was approved and 1 sed in development and assembly
of the apparatus.

The design took into account the following requirements in he new apparatus for effective
observaiion of variations in the shower {requency:

1. Sufficient {requency in collecting statistical data; for m-st of the shower ranges selected,
the data recorded over one year had to be adequate for clarification of all the salient effects of
frequency of the showers with an amplitude greater than 1%.

2. The greatest possible differentiation hetween the separ: tely recorded shower sectors of
thg7 region, and a large total area coverage of the region of meai showers (from §~104 to N~
10%).

3. The detectors used were sclf-quenched GS-60 Geiger-N uller counters, each with an ef-
fective area of about 330 cm®, made in this country.

4. Simplicity in controlling the operation and convenience n operating the equipment; two
operators should be sufficient to ensure normal functioning.

5. Cross-checking of the recorded data from all channels, and '"cross linking" of a number
of recorded data when replacing the counters.

6. Minimum interruptions in observation; in any case, the interruptions should not exceed
10-15% of the total possible recording time.
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7. Simplicity of design in the main parts of the apparatus, for easy assembly on the spot
without expert assistance.

Work on the construction of the apparatus did not begin until the second quarter of 1956.
By necessity the designing and assembly work proceeded almost concurrently. The first units
(more or less half the apparatus) were put into operation at the end of 1957, and the remainder
in May, 1958, while the main work on the unit as a whole was completed by July 1, 1958.

A block diagram of the apparatus used to observe the extensive atmospheric showers is
shown in Figure 1.

The first results of processed matcrial are available [7,8). The apparatus continues to
function normally. Below we describe the basic characteristics of the apparatus and its princi-
pal parts, including a brief description of some of the results observed.

Recciving Apparatus

1. Detectors. Geiger-Muller counters are used as detectors of charged particles. The use
of scintillation counters, Cherenkov radiation in the air or special Cherenkov counters for this
purpose, which is possible in principle, secmed to us to involve greater difficulties than the
use of ordinary Geiger-Muller counters, to judge by the state of the development of Cherenkov
counters [9 -11] at the time this apparatus was designed.

Taking into account the temperature variation from +30 to - 60°C. at the observation point,
and the fact that at the time the only available counter was the GS-60 (filled with argon and ethyl
alcohol vapor), we were forced, unlike the British [12], to construct powerful local installations
concentrited in several separate insulated pavilions. In sclecting the site for the pavilions and
the areas for counter groups in separate local recording installations, we were guided, apart
from other things, by considerations of differentiating between the sectors of recorded showers
and iden: ifying them in order to cross check the data obtained.

As already pointed out, we used GS-60 counters as detectors. They are glass cylinders
with a wall thickness of 2 mm, covered on the inside with a thin graphite layer (cathode), having
a central tungsten filament 0.1 mm in diameter (anode).The counters are filled with argon under
a pressure of 80 mm Hg and ethyl alcohol vapor at 20 mm Hg, providing a mean effective
thickness of the sensitive volume for shower particles of about 10-3 g- cm-2,

The mean dimensions of the effective working area of the counter are: diameter 60 mm,
length 550 mm, i.e., the effective cross-section area is 330 cm2, The "ignition' voltage is
about 1200 volts. The plateau length is > 150 volts, and the plateau tilt is < 0.1% per volt. In
Figure 1 each block, 1, consists of 5 GS-60 counters in parallel with respect to the output signal.

2. Pavilions. Four pavilions constructed of wood

(6 X 6 X 2.5) m3 were set up. They constitute one cell of E S
the network scheduled to be spread out over a wide area
in the future. Their arrangement is shown in Figure 2. N

The distance between the pavilions is 57 m, which is
approximately equal to the mean square radius R, of the
shower near sea level. If R is actually a function of the
temperature T of the ground layer of air, in the form of
R(T) ~ r,T, where r, is constant [13], then at such dis-
tances we can expect the local temperature effect of the
ground layer of air for showers recorded simultaneously
in two pavilions to be close to zero as an average, or to Eh

S7a
57

change its sign to posivite, as distinct from the negative 7w
local temperature effect for showers recorded by only one
local installation. The roofing over the counters (Figure  Fig. 2. Arrangement of pavilions,
3) was made of a material similar in composition to air
(moss and plywood) 3 g - ecm~2 thick to avoid the screening effect of normal ceilings and to avoid
considerable transition effects as well. A subsequent check confirmed that the roofing had been
successfully chosen. It was also satisfactory from the point of view of heat insulation. The
temperature inside the pavilions is kept at +20 * 5°C,

3. Local installations; layout of the detectors. In effect there are three separate triple-
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coincidence installations in each pavilion with counter group areas of oy = 1/6 m2, og = 1/2 -
m? and 03=1.0 m2, or 5.15 and 30 GS-60 counters in parallel. respectively.

The positioning of the
installation is shown in Figure
4. We decided to place two
counters next to cach other
mainly for reasons of assem-
bly, but ;artly because we
doubted that there was any

gain i working area if they

were scparated from cach P .';Z?fﬁ{ 6

other. The fourth counter stand I

is a spare one intended to re- T T TITTY

duce interruptions due to part e ‘%' o
failure. When the installation - Ny T._

is in operation, the spares are
in a state of readiness, and
when parts that have ceased
working properly have to be
replaced they can be switched Fig. 3. Ceiling arrangement for pavil ons and
into operation with a plug con- placement of counters,
nection and four rotary swit-
ches. As can be scen {rom
Figures 1 and 4, each stand contains 30 GS-60 counters and is serviced by 6 quenching units
mounted together with the counters. All counter stands can be 2asily disassembled; the power
supply and signal leads are of the plug-in type.

4. Feed and counter voltage control circuit. As
can be seen from Figure 5, the voltage supply and its [
control are sufficiently independent of one another in the }4,
case of each counter. The counters are only joined in Mﬂﬂ
parallel with respect to the output pulses. Apart from
convenience in replacir< counters, this is done to es-
tablish for each counter conditions which reduce the end
effects and which allow a maximum gain in effect from P ” 20m
enforced quenching of the counter charge (see below). .

For an exact check on the voltage fed to the operat-

\1(}\}-‘.‘4

)

ing counters we use a monitoring control counter, which E[:] T
does not affect or interfere with the operating counters =19, tizzd
(it is difficult to follow the overvoltage from indicating Dm tood,

instruments at the power supply). The monitoring
counter receives voltage only during the actual check.
Otherwise it is switched off. The overvoltage in all Flg. 4, Aﬂ'a"qemem of GS-60 counter --

the counters is regulated on the basis of the monitor receiving unit In pavilion (cross-section).
counter readings. Each stand has a potentiometer for this purpise. Experience shows that this
kind of check is rarely required.

Electronic Circuits

1. Units for quenching charge in GS-60 counters (block 2 it Figure 1). Although they are the
most suitable in size and from the point of view of certain other characteristics for the given
shower installation, G5-60 counters made in the Soviet Union have a substantial defect., This is
the limited operating lifetime and wide distribution (with a flat riaximum) of this lifetime within
the same batch of counters.,

In the usual simple circuits for GS-60 counters, without extzrnal enforced charge quenching
the lifetime of most of the counters ranges from 107 to 3- 108 d scharges, with an average of 10é
discharges for the whole batch. When observing near sea level :his corresponds to one week and
eight months of continuous recording. It is extremely difficult i1 practice to predict in advance
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which counters will have a short life.
This shortcoming, which can be ignored if the number of counters used is small and the ob-

servations are brief, is intolerable when operating several hundred counters at the same time

to record long time variations in the frequency of atmospheric showers. For this use we require

uninterrupted recording and invariant parameters in the receiving apparatus over a very long

period of time.

+1200 8 5 {

-2508
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Fig. 5. Circuit showing
feed and voltage conwmol
in G5-60 counters.

JJA‘E}—— JIx

SARS
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To ensure effective recording of these time variations, the first thing was to correct, at
least to some extent, this defect in the GS-60 counters, i.c., to prolong their life, if only to a
slight extent, by using an electronic circuit for forced external quenching of the discharge in the

counters.

As it is known, the life of counters of the self-quenched type is connected with the expendi-
ture (by dissociation) of the quenched component - ethyl alcohol vapor. The degrec of dissocia-
tion of the alcohol molecules is approximately proportional to the electric charge passed through
the counter when it discharges |14]. Hence by using the voltage pulse from a corresponding
clectronic circuit to interrupt the discharge current each time it begins to increase, we can re-
duce the dissociation of the molecules, i.e., we can prolong the life of the counter.

Consideration of the two discharge-quenching circuits which have become common of late
{15, 16] showed that the use of them in our apparatus was neither advisable nor possible. The
first circuit is only applicable to a single counter, and therefore, in our 480-counter installation
this would have meant making the same number of quenching units with a corresponding complica-
tion in the commutation system. Both circuits require a high degree of stability in the negative

bias voltage from the supply battery ( 0.1 volts).

when used for prolonged and continuous recording.
Hence, we avoided using thesec circuits and decided to work out a new quenching circuit which
would satisfy the requirements and operating conditions of the described installation. The

This makes them inconvenient and capricious
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quenching circuit had to rely on {ive GS-60 counters in parallel, had to trigger rcli:lbly, be only
slightly sensitive to the oscillations in the supply voltage, and hid to produce a maximum
quenching effect. It scemed advisable to include in the circuit & preamplifier (such that it
would discontinue the counter discharge as soon as possible), w electronic potentiometer and a
single flip-flop vibrator. A circuit of this kind was worked out »y engineer A. V. Yarygin [17];
the circuit, together with the cathode repeater, is shown in Figire 6, where Ly is the pre-
amplifier, Lo and L4 are the single vibrators, L, and L are tre electronic potentiometers and
Lg is the cathode repeater for the output pulse to the cable.

As can be secen from Figure 6, the entive quenching unit with the cathode repcater contains
three tubes, 6N15P and 6N1P, This circuit differs from the on: described in [16] in the
presence of the pre-amplifier, a different electronic potentiomeéter tube connection and the ab-
sence of @ inductive circuit in the single vibrator anode circuit. The quenching circuit and the
cathodeo repeater (blocks 2 and 3 in Figure 1) make up one asseribly unit, which is plugged into
the counter stand. 4

8 =-180V
Uy =275V
T*8uU sec
’Z"p =g sec
T[ 82U sec

JAN

--L 5 output

b +JO0V

od
Siw
T e o-20V
—-—
Fig. 6. Quenching circuit for GS40 countér and cathode repeater, ~8IV
S

Using the method of measuring the discharge rate of the condenser [16], it has been found
that if the voltage feeding a GS-60 counter is slightly higher tha:: the beginning of the Trost zone,
the electric charge Q_ passing through the counter using the givan quenching circuit during dis-
charge is smaller by% factor of 8 or 9 than the charge Q, without this circuit, i.e.,

Qo

— < from B to 9.
q

By reducing the cathode tilt, the quenching circuit expands .he plateau by a factor of 2.5 - 3,

2, The pavilion selector consists of the blocks 4-9 (see Fijure 1).

The pulses are fed from the cathode repeater (block 3) to block 4 through a RK-2 coaxial
cable 6-8 m long. Through the screen circuit of tube 6P9 in blcck 4 the pulses reaching block 3
are shortened to 2.5+ 107° sec and are fed to the mixing circuits (block 5), and being amplified
in amplitude and power, pass through the anode circuit into the :ell signalling the abnormality of
the GS-60 counter background. The latter, with the aid of two reon MTKh-90 tubes, sends a
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signal when the deviations are + 207 from the normal background. The mixing circuits (block
5) consist of D2-Ye. separator diodes.

In block 6, containing a 6N3S tube, the pulses are shaped a%u‘m and at the output have an
amplitude of 18 volts (negative polarity) and a length of 1,0+ 1077 sec. It is this length which de-
termines the coincidence resolving time, which is also 1.0 - 107V scc.

The coincidence circuit uses the Rossi system (block 7); the discriminator and single
vibrator (block 8) contain GN15P tubes; they provide a good selectivity factor and ensure reliable
recordings.

For some «f the recording chunnels the functions of blocks 6-8 are fulfilled by "apple-tree
type" instruments (with certain changes). *

Three types of treble coincidences are selected in each pavilion in accordance with the three
diiferent arcas of the counter groups (1.0, 0.5 and 1/6 m2). Spurious coincidences here do not
amount to more than 1.5% (for an area of 1.0 m%),

Pulses from block 8, lengthened to 8 - 10-5 scc, proceed to the matching stage with the
cable (block 9), from where they reach the central selector via the coaxial cable 80 m long.

—{)—o a0y
-]- Ix
_r 2o
, > R4
_( Kz T=/5 U sec
I3
G du=78v
i’loo output
14 —0
v pulses
¢
x x
@
§ 8

T=JU sec
dU-18B

output
pulses
«

Fig. 7. Shaping stage (blocks 1 and 2 in Figure 1b).

3. Central selector. Twelve different types of triple-coincidence pulses reach the central
selector from 4 pavilions. The selector consists of three parts.

In the first two parts a partial selection of the triple and sextuple coincidences takes place,
i.e., simultaneous instances of triple coincidences in two pavilions. In these, blocks 3 and 4
are similar to blocsk 7 and 8 in the pavilion selectors, with the exception of the coincidence

* "Apple-tree' is a literal translation of the Russian word which algo appears in quotation marks
in the original book.
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resolving time which in the given casc is 10 . 1078 sce.

The third part of t!  central sclector sumples all the recorded combinations of the coincidence
(large multiples) and anticoincidence of the shower pulses between pavilions. The most important
part of this installation, the pulse-shaping unit, is shown in Figure 7. Pulse ¢ has a minus polarity
an amplituue of 15v and 15 + 10-6 sec interval; pulse a having th: same polarity and amplitude as that
of pulse ¢ is shorter by 5+ 1076 with an interval of only 5 - 10-¢. Pulses ¢ are used as selectors
of various types of combinations of pulse coincidence between pivilions and as pulse filters for
anticoincidences: pulses a are used for interrogation for anticoincidence. This splitting of a pulse
into two and shift of the beginning of one, is done to discriminate cases of anticoincidence relia-
bility, i.e., to prevent fulsc cases ol anticoincidence due to flustuation of the beginning of the
excitation of the following circuits.

This is vital when using transistors in the anticoincidence separating circuit.

All the coincidence separating civcuits {blocks 3,4,5 and 6 in Figure 1b) contain D2-Ye semi-
conductor diodes. The anticoincidences (blocks 7 in Figure 1b) are scparated with the aid of
PGV and P6G transistors. The end stages contain 6N8S tubes.

4. Recording. All the separated coincidence and anticoinc:dence pulses are recorded by
mechanical annunciators. These are ordinary telephone message registers, but with tougher
mechanical parts and increased inductance. Regular checking has shown that they work satis-
factorily. The counter readings are photographed every hour using a I'R-2 photographic recorder.

Inall there are 44 recording chennels, four of whichareusedt)recordthe backgroundinthe pavilions

5. Power supply. The observation apparatus is practically entirely powered from the mains
using VS-16, VS-12 und VS-11 rectificrs with electronic stabilization of the output voltage. The ex-
ception to this rule is in the P6V and P6G transistors, which are fed from batteries. The appar-
atus consumes approximately 8 kilowatts.

6. Control of apparatus operation. A duty technician (one ior the whole laboratory) makes
an hourly check of the background signal readings and out-of-action indicators for each power
supply. Furthermore, a careful check is made each day of the following: 1) counter background
on all stands using a4 PS-54 scaling device; 2( readings of all riechanical recorders for four-
hour recordings made during the previous day.

All work involving preventive inspection and repair, replacement of tubes and counters
proceceds according to set schedules.

7. Calculation of mean values of recorded showers. For sibsequent analysis of the observed
variations inthe shower frequency it is important to know the mean values of the showers recorded through
all the channels. We made the relevant calculations with the follow ng assumptions as regards the spec-
trum and spatial distribution of the atmospheric showers at sea level:

1) in accordance with measurements [18 - 20 and other publications] the spatial distribution
function is the same for extensive .itmospheric showers with different numbers of particles N and
takes the form of

- when r <10 a,

r

e ™ when 10 < r < 10C u,
lc-r'“ when r> 100

where r is the distance of the shower axis in meters, a =1.84 - 10'3, b=2.21 X103 andc =
0.568,
2) The differential shower spectrum with respect to the nunber of particles takes the
form
K(N)dN = A. N""'dN
and according to [2 and 21]
1,32 for 40P <N <108,

x= ¢ 1,535 lo 10*< N <10%,
1,80 for N > 108,

The frequency of the showers recorded by an n-fold coincidznce counter installation between
counter groups of equal area ¢ is determined by an expression vsith the form

~ ON
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0
Cin, o) ={ k(Mav {§ Win, o, N, 90l ... @(ra)1dS,
o (8)
where r; is the distance from the shower axis to the i-th counter group (i =1, 2,...n), Sis the

area of incidence of the shower axis, W[n, o ,N, ¢ (r,)] is the probability of recording a shower
with N particles with the given installation, if its axis strikes the area element dS located at a
distance ry, To,...To, from the counter groups 1, 2...n, respectively.

Since all showers, irrespective of their size, take an equal part in cawsing the observed
variation in the shower frequency &C(n,c )/ (n,0), it is convenient to take the mean value N de-
termined from the following condition as the mean.

N
gk(N)dN SS Win, o, N, o(r)s ..oy ¢ (ra)]dS =
o (S)

=§k(N)dNS§ Win, o, N, ¢(n). ..., 9(ra)ldS = +C(n, o).
(8)

A similar approach may be taken in calculating the cases in which anticoincidences are recorded.
The integrals arc not taken in their finite form, hence they were calculated by approximate
methods of numerical integration.

The mean values of the showers calculated by this method are given in Table 1, where
C(n, o) is a coincidence of multiplicity, n over the counter area o (for example, multiplicity
n = 6 and n = 12, denote coincidences in two and four pavilions simultaneously); A3(1/2,o ) de-
notes the anticoincidences, i.e., three-fold coincidences over the area ¢ in one pavilion, unac-
companied by these coincidences for the same area in any of the other pavilions.

Table 1
Type of sclection N Type of sclection R

A (1/2,1,0) 1,510 C(6.0,5) 3,1-10
C(3.1,0) 2,3-10% C(12,1,0) 3,0.10%
C€(3.0,5) 4,0.10¢ € (12;0,5) 7,4-100
A:(4/2,0,17) 6,7-10¢ € (6,0,17) 7.7-10%
C€(3,0,17) 1,1-104 C(12,0,17) 2,0-10%
C€(6:1,0) 2,0-10%

Preliminary results of operation of atmospheric shower installations

Since the time it was started, the installation has been working satisfactorily. During 1958
it recorded about 107 cases of showers of different sizes. Interruptions in observation in the re-
cording units have mainly been due to defects in and the need to replace the 6N15P and 6N1P
tubes, and interruptions in recording for the installation as a whole have only been due to the
power supply failure.

The counter discharge quenching circuit has proved its worth. All 360 GS-60 counters now
need replacement only after six months of continuous operation. The semiconductor coincidence
and anticoincidence circuits have also shown themselves to be worthwhile.

The mean recorded frequencies for various types of selection of the showers are shown in
Figure 2. For some types of selection, Figure B gives frequency variation curves together with
variation curves for the atmosphere at the observation point.

Meteorological effects of shower frequency

Analysis of the recorded material shows that the barometric effect of the extensive showers
(for more detail see the author's article in this issue) remains constant up to mean values
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Table 2
Expected fre- | Expe:imental fre-
Type of sclection un:ncy. hrl Ec):(c;:::ncy, hel

A3 (1:2,1,0) 306 530
i3t 413 411
C(3.0.50 164 154

Ay (1:2,0,17) 27 20
C(3,0.17) 32 34
6,1,0) 63,8 50,0
C(6;0,5) 23,3 16,5
C(12;1,0) 21,3 13,0
C(12.0,9) 7,0 4,1

€ (6.0,17) 4,0 2,8
C(12:0,17) 1,0 0,62

N = 103, but beginning at N 3> 10° particles it begin to increase considerably. This effect cannot
be explained by variation (within sensible limits) in the exponen~ x of the shower spectrum.
On the basis of the seasonal effect, the temperature

effect for showers of type C (3, 1.0) is of the nature of @y = » During
-0.20% per 1°C, which tallies with results obtained by other g2} December, 1958
authors [22]; for type C (6, 1.0) showers, o = +0.05% per cost
1°C. At the same time, for some strange reason this ef-
fect cannot be followed during brief variations in tempera- 00 i [\ 2 od
ture in the ground layer of air. It is therefore doubtful S r
whether this effect is entirely due to ground conditions, as  #7 |
asserted in [22,23]. It is most probable that it is com- 03+
prised of two effects - a local and an upper-layer effect. 0.0
05 b
Atmospheric shower spectrum at sea level ¢
The data in Table 2 show that the shower spectrum $s0F
used in the calculation of C(n,c ) is too high in the region ‘o0 ” !\.” o
of large values of N. Hence in this area we attempted to 7
use the spectrum obtained by Kulikov and Khristiansen <201
{24] and recalculate C(n, 0). In doing so we further took ook
x = 1.36 for N < 109, The results of the comparison of ’
the expected values of C(n, ¢ ) for both versions of the 80t
calculation with experimental data are given in Figure 9.
We consider that in the region of showers, N = 109 - .
5- 109, the spectrum usually taken is too high and that, &t
beginning with N> 105 the spectrum probably has only 7
one exponent = =~ 1.7,
The diurnal curve of the frequency of extensive at- o
mospheric showers with N = 2+ 104 is given in Figure 10, 0 A i e d
A semi-diurnal frequency wave with an amplitude of the 14 * 7
order of 1% and a maximum at4 - 5 A.M. and 4 - 5 o ’
P.M. is fairly pronounced. This wave may be due to cor-
responding diurnal variations in the mass of the atmo- qer
spheric column above the observation point. o)
Data from the observations are still being processed,
and we hope to be able to communicate the results in the 73
near future.
Je I
Conclusion Fij. 8, Frequency variadon of showens

C73; 1.0) and C (6; 1.0) variation of

ssure, p, at observation point,
The construction and start-up and operation of the prosste, o & po

-~ O\
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apparatus for obscrving variations in the frequency of extensive atmospheric showers are the
result of the efforts of a considerable number of pcople.

A large part in
building the apparatus
was played by the over- /6
all support, advice and
personal participation
of S. I. Nikol'skiy. Sup-
port and assistance were
given by G. T. Zatsepin,
Yu. G. Shafer and L. I.
Dorman. The following
contributed a great deal
in designing the circuits
and assembling the equip~-
menE: A V. Yarygin, V. Fig. 0. C(n, O )eape, and C(n, O )y
:r,lesltﬁgl\(l?,' r:,I NA Eeeflic;r;ov, of reference {24} : 0 - from data of reference (2, 21].

M. A. Nifontov, V. A. Orlov, and B, 8. Nedzvedskiy.
In processing the observation material great assistance was rendered by F. K. Sham-

sutdinova and T. F. Panfilova, I take this opportunity of thanking all those concerned.
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A. A. Danilov, S. N. Druzhinin, I. N. Kapustin, and G. V, Skripin

COUNTER TELESCOPE FOR MEASURING HARD COMPONENT OF COSMIC RAYS UNDER-

GROUND

In order to improve the reliability and accuracy of data from continuous observations of the
intensity of the m -meson component in cosmic rays at a level of 60 m w.e., the Yakutsk cosmic
ray laboratory added two identical counter telescopes to the existing equipment at the beginning
of 1958. Thus the recording statistics for cosmic ray intensity at this level, compared with
previous years, were increased by a factor of 1.7, This improves chances of detecting small
periodic and non-periodic variations in cosmic-ray intensity at the given depth, and provides
further opportunity for checking the operation of individual installations.

The experience in operating the installations described earlier [1,2], and techniques since
developed have made it possible, when designing the new installation to take a number of steps
to increase the stability and efficiency.

Among the steps are the following: ,_,Cé:
1) the addition of quench circuits prolonging the =
life of the counters;
2) automatic control of the stability of the high _,%
voltayre for feeding the counters; =
3) improvement of the parameters of the radio-
circuit for triple coincidence selection using semi- __,%_:

conductor devices; =
4) exclusion of the end effect in the GS-60 coun-

ters. n

The latter fact makes it possible to take into

account the possible contribution of the end effect n

to various variations in cosmic-ray intensity (by

comparing data obtained with the new and old Fig. 1. Block dlagram of counter telescope; 1 -
installations). The given installation was mounted Geiger-Muller counter units; 2 - quench circuis;

: 3 - uipple coincidence radio circuit; 4 - signal
on a "cube telescope’ manufactured by the Fiz- ampli lgr: 5 - scallng cell; 6 - cathode repdater; T -

pribor Plant, This article describes the blocks and scaling cell; 8 - output device; 9 - mechanical
units which were either completely or partially counter; 10 - high-voliage rectifler; 11 - monitor
altered; a description of the blocks and units which fc"g‘sz:_“ﬁ"_ 1620 ;,,C;’,;‘ﬁgcgﬁ;’,e’c‘ﬁ;‘,‘ﬂf,‘if“‘“; 18 -
were left unchanged can be found in [2]. A block ’

diagram of the installation is shown in Figure 1.

Counter telescope

The counter telescope (Figure 2) consists of three identical blocks of GS-60 working counters
placed in three rows in a welded steel, parallelipiped-shaped casing. There is a 10-cm lead
screen consisting of 64 lead plates 200 X 100 X 50 mm3 between the second and third counter
blocks.

The counter blocks are placed underneath each other in the telescope stand. The distance
from the upper cradle to the lower one is 34 em. Each block contains 11 GS-60 counters, 9 of
which are in one plane and form a telescopic array more or less square in shape and 540 X 550
mm? in area. There are two other counters along the edges of these nine counters for exclusion
of the end effect,
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The principal characteristics of
the installation are as follows:

1. Cosmic-ray intensity is re-
corded vertically and restricted by
w,-orture angles of 120° in the north-
south plane and 125° in the east-west
plane.

2. The amount of ground above the
telescope in a vertical direction is 60
m w.e. The mean energy of the pri-
mary particles recorded by the instru-
ment is about 450 Bev.

3. The mean hourly number of
readings for two telescopes is 9400
pulse/hour. The statistical accuracy
of the measurements over one hour is
1.4%.

4. The directivity pattern ex-
pressing the intensity of the particles
measured by this apparatus as a
function of the angle of their direction
of motion with the vertical is given in
Figure 3.

High-voltage rectificr block

The high-voltage rectifier, which
is part of the '"cube telescope" [2], did
not work reliably. There were periodic
oscillations in the high voltage on ac-
count of insufficient filtration and
lagging of the pulses. Hence the first
four stages of the rectifier were
altered, as shown in Figure 4. The

vy

e

%
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N

%5 &i/' ,.a,/; E/;.?at‘ 7

Fig. 2, Geomemy of count r telescope, 1 - side view of counter tele-
scope In underground passag:; 2 - section of shaft; 3 - view of shaft from
above; 4 - view of counter 1:lescopes in passage from above; § - counters
used to exclude and effect; ; - welded frame for counter units; 7 - lead
screen,

fifth and sixth stages were left unchanged. Pulses from the monitoring counter are fed to the
amplifier input. When amplified they pass onto the delay circuit R5C, composed of half a
6Kh2P tube. The time constant is 900 microseconds. The capacitor Cg is selected in such a
way that during the impulse it manages to charge up to the amplitude value and discharge much

more slowly through Rg.

1o+ 300V
i pA'
15200
—A*
g £y
L
i
7
=0 =1000V

18v

Fig. 4, Input arrangement for high voltag: rectifier.

Fig. 3, Radiation pattern.

The pulse, elongated by the first pwse stretcher, is ampl:fied by the cathode repeater (half
Lj, Ry) and fed to the second stretcher (1/2 L2,R7,Rg,Cy), tte time constant of which is 300

microseconds. The capacitor Cy4 is also charged up to the am litude value.

~ oy
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The two pulse stretchers used in series in the circuit made it possible to obtain a voltage at
the condenser C4 which is solely a function of the pulse amplitude and not a function of their fre-

V7
4 - "
:E)—CHF‘; 3

MTKH-30

[ oy Py
L N dar %)
v %5y DG TS blrg'gzw -

MTKH-90

To PK-1000 input

8

-L30%

GT 025

Figure 5. Radio measuring device circuit,

quency. The voltage, smoothed out by the filter
R7Cs is then fed to the voltage divider tube Lj.
The second half of this tube reccives a rectified
negative voltage (-1000 volts) from the generator
through the divider RgR1gRj1Ro;.

The voltage passes from the divider L3 to
the generator screen grid. Thus, the high
voltage generator is controlled along two channels
by the screen grid. When the amplitude of the
monitoring counter pulse varies, the voltage
fed to the generator grid does as well. This
causcs a variation in the voltage at the generator
output; the output voltage varies in such a way
that the pulse amplitude remains constant in all
the counters. The application of this circuit
halted periodic variation ("breathing') of the
high voltage .

The circuit is stable during variation in the
supply voltage to the anode within 40% and to the
filament within 20%.

Quench circuit and triple-coincidence selection

The quench circuit is intended to increase
the life of the counters. Experience showed that
the quench circuits in the "cube telescope' in-
stallation [3] do not meet the requirements of
continuous recording; they are unstable, they
often oscillate, and the quench factor is too
small for practical purposes. Hence we chose
one of the tested quench circuits worked out by
A. V. Yarygin (4].

Having made some small alterations to his
version, we produced the quench circuit shown
in Figure 5. It has the following characteristics:

1) quench pulse 250 volts; 2)duration 10
microseconds; 3) rise time 1 microsecond; 4)
the counter life is 3-5 times as long. The triple
coincidence selection circuit contains P6V
transistors connected on Rossi's principle. The
voltage at the load R varies whenever positive
pulses with an amplitude 2 to 10 v and a duration
of at least 1.5 microsec are impressed upon all
three transistor bases simultaneously. The
circuit functions reliably and is not sensitive to
the supply voltage within 15%.

Recording apparatus

The tripe-coincidence pulses as well as those
from the single background channels are amplified,
scaled to two in the scaling circuits and fed to the

cathode repeaters. The triple coincidence and single-channel output pulses taken from the cathode
repeater are fed 60 m along the cable. Practice in operating the PK-1000T showed that it worked

unreliably (blurred picture, pulses skip the next triggers in turn). We therefore assembled the
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triple-coincidence channels in a sepuarate scale unit, leaving it :t the same time as a duplicate for
the PK-1000T.

The output scaling block consists of two scaling tubes LglLg and an output tube Lg (Figure 5).
A mechanical register is attached to the anode circuit of Lg.

The front panel of the recording device is fitted with four PX-1000T scaling circuits which
record signals from the single channels and triple coincidences afler scaling by two for each
telescopc separately, two mechanical triple-coincidence counte:'s after scaling by 8, about 80
small-size mechanical counter: which record readings from the neutron monitor, underground
units and extensive atmospheric shower units. The recording asparatus also includes a RSK-1G
reversihle counter which is coupled to the flare recording circuit, The RSK-1G counter is
joined by one input to the local pulse generator while the other iiput is attached to the triple
coincidences of the ground-level telescopic unit. The RSK-1G i3 not photographed.

A FR-2 photorecorder photographs the front panel every 15 minutes. The PK-1000T readings
are taken every two hours in the case of the triple coincidences, every 15 minutes in the case of
the single-counter monitor and every hour in the case of the RSK-1G. In case of a sharp in-
crease in cosmic ray intensity (10%), the frequency of the photographing is increased auto-
matically. The recording of a burst of activity does not disturb the normal functioning of the
recorder.

The above described apparatus has been working since February 1, 1958, and recorded data
are being sent to a world center under the IGY agreement.

The efficiency of the installations can be seen from the following data for operation from
February 1 - December 31, 1958,

Causes of interruption in operation of Stopp. ge time a3
- mstallal;ion pe % of 15tal oper-

ating ime

Through the fault of servicing personnel... 3.0
Malfunction ln main power supply 1,5
Precautionary measures. .. 1,0
Break-down of apparanus,.. 2,5
TOTAL... 84

It will be clear from these data that given good organization of the operation of the install‘—
tion, stoppages can be reduced to 3.5% of the entire operating t:me.

We should point out in conclusion that all work on designing, assembling and adjusting the
installation was carried out under the guidance of A. I. Kuz'min, to whom the authors of the
article wish to express their appreciation.
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S. V. Makarov

SOME COUNTER TELESCOPE CALCULATIONS. ILLUMINATION OF VERTICAL TELE-

SCOPE

The parallelepiped AjB{C D AyB,CoD, is a schematic representation of a telescope aimed
at the zenith (Figure 1). The bases Alﬁlchl and AsBoCoDs consist of cosmic ray particie de-
tectors and represent the telescope's sensitive planes, Let us adopt the following designations:
T is the vertical counter telescope AjB1C{D; AgB2CoDg, a is )
A1By, bis A1Dy, 1is AjAy, Py is the base AjB;CD;, and Py o
is the base AyBoCyoDy. ‘. !
The telescope T works on the basis of coincidences; the :
ionizing particle is recorded by the telescope if, and only if, it !
passes through both Py and Py. :
:
j
i

The angular distribution of the total ionizing component in ;
the cosmic rays is given in the form
J=(0, A)=J,cos"8, (1) s .
LS >t
where € is the zenith angle, A is the azimuth, J(® A) is the in- Al 5L
tensity in the direction (8, A), i.e., the number of particles in ¢ !
the direction (6, A) in a unit of solid angle per unit area normal Fig. 1. Vertical counter tele-
to the direction @ , A) per unit of time {cm~2 - sec~L . ster™1); scope

Jp is the verticle intensity; v is the angular distribution paranteter which mainly depends on the
thickness h of the layer of matter expressed in meters of water equivalent which the particle can
pass through prior to being recorded. On the basis of numerous experiments it can be taken
(see, for example, [1,2]) that

0 v <4, (2)

Let us solve the following problem. How many particles will the telescope T record in a unit
of time if the angular distribution of the intensity takes the form of (1) ?

Let us introduce the coordinate systems x1y1z; and xgypzg (Figure 2). The axes zj and 29
coincide both with each other and with the edge A1A5, and are paraliel to the vertical. Let us
separate out in the plane P; the elementary area

dS, = dr, - dy,.
and in the plane Py the area
dS, = dr, - dy,.

It follows from (1) that the number of particles dN passing through ds; and dS, per unit of
time can be expressed by the formula

3+t .dS, - dS,

dN =J, (” 7] . 3
[P+ (n—nP+ (s —pp\ Y

Consequently, the entire telescope will record per unit of time N particles:
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aadd
N 210““ MY drydry dyidyy =
00080

+.‘
[+ (2 —x)* + (v — Sh)'l(' ’ )

=J i'b' iiii dxy dxydy, dy, (4)
0 ) ,,+L) ’
0000 [ falzy =) + B (v —yt|  *

where

=G BT )

Let us substitute the variables

6
Y1 = Us, )
Y2 =T J
Then (4) is easily transformed into
11
=J, e SS U009 grdy. (7
1+ X
00 4 i3] 30 3
The expression (1t at 4 5%
4ath? or i )“
- | —z —_
Lo=-—=p- “ 0 drdy (8)
So(tpan gy TY
will be termed the illumination of the telescope T.
Let us rewrite (7) in the form V- L. )

The cquality (9) can be regarded as the definition of illumiation for a telescope of arbitrary
configuration. If a, b, 1, and v are known, the values of N can be found by using one of the
iterated quadrature formulae (for example, Simpson's 2-dimensional formula [3]).

Inverse problem. It is intended to use equation (9) to solv:
the inverse problem, i.e., to find J_ and y from measurement  ¥}% P
of the N; and Ny with two vertlcal tccfescopcs

At a certain level h let there be two vertical telescopes T,
and Ty with the dimensions ay, by, 17 and ag, bg, 12. For Ty
we have the relationship

| " 052

1.

Li=1L (1) (10)
and for Ty a similar relationship ‘
Ly =Ly(7). (11
Let us assume that L; (7 ) and Ly (7) are tabulated for vy
(0.4). We can then write the following set of equations on the s
basis of (7). 4 - ry
Ny=J,(h) - Lil1(R)] (12) Flg. 2 Coordinate systems.
Ny=J () - Ly (k).
The values Ny and Nj are measured with the telescopes Ty anc T3. We are required to find Jo
and y. It foflows from (12)
L 1
L= 73" (13
Let us define
N
y ek (14)

Finally we have

~NOm
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Li(vy=¢q-L.(y). (15)

The factor q is known from observations. Provided Ly (7) and Lg (7 ) are tabulated, (15)
can casily be solved with respect to ¥ . Knowing v, we find J, from equation (12).

In this way we [:d 7 (h) and J, (h) from data from two stationary installations at the level h
on the ground or beneath it, The use ol this method for investigations in the atmosphere is also
possible. If two radiosounding balloons are sent up into the atmosphere at the same time,
carrying counter telescopes differing in gecometrical parameters, it is possible in principle to
obtain y(h) and J, (h) for the entire section of the atmosphere, right up to the sounding ceiling.
Admittedly, in this case it would be difficult to ensure sufficient accuracy in the result on ac-
count of the balloons rocking during the ascent,

Similar problems can be solved for telescopes of any shape and orientation.

Example of numerical calculation. Directivity pattern of counter telescope,

Figure 3 shows a schematic representation of the counter telescope at the Cosmic Ray
Laboratory of the Yakutsk Branch of the Siberian Division of the Academy of Sciences at the bot-
tom of a shaft 20 m deep.

The planes PPy and P4 consist of counters. The telescope works on triple coincidences, i.
e., the ionizing particle is recorded by the telescope only if it passes through all three sensitive
planes Py, Pp and Pj.

We are given the angular distribution function (1). The telescope is pointed towards the
zenith, and, consequently, the planes Py, Py, and P4 are perpendicular to the vertical.

We are required to calculate the telescope's directivity pattern, i.e.,

b0 4)- ‘f(:. sin 0:.':.\:)'{.1 ! (16)
where b (6,A) is the density of the cosmic particle stream referred to a unit of solid angle dg
in the direction (8,A).

Using (1), we find the number of particles dN going in the direction (€, A) and recorded by

the telescope:
dN =J (9, A)cosb dw S0.4) - Jocosmeil . sinb . db.dA - 5@, 4) (A7)

where S (6, A) is the part of the plane Py illuminated by those cosmic rays moving in the direction
(8, A) and providing triple coincidences.

The exact meaning of S (6 , A) will become clear after consideration of the following geo-
metrical problem.

Let us remove the planes Py and Py from the counter & 2
installation depicted in Figure 3. Lct the figure thus obtained P Py
be illuminated by a parallel pencil of light, the direction of
which is given by the angular coordinates 8 ,A, We are re- ’ s
quired to determine the arca of the illuminated part of the plane

P;. The unknown area is equal to §( 6, A) in the right hand
side of (17). The numerical value of S( 8, A) can be found
using a geometrical construction, the description of which will
be left out on account of its simplicity. ' !
From (16) and (17) it follows that : '
h(b,A) == Jyeast=0 S(0.4). (1%) 1 ;

The proposed method of calculating the directivity pattern fig;:;ﬂs::i;n:ﬁcrfamx of tele-

{0 (4, A)} could naturally be called the "light-spot method",
since we have used the analogy of a spot of light.

The table {6, (8,1)} can be used to calculate the effective screen of the installation from the
formula

7= _{,SSr(o,‘nm..e b(0..1)d8d A, (19)

where r (8, A) is the path (in meters of water equivalent) traversed by the particle prior to
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being recorded. By making a numcrical integration, we can find the illumination L of the given
installation (Figure 3) from the direction pattern.

N
L= (20)

Conclusion

The term "idlumination of a counter telescope' has been suggested by A, I. Kuz'min, a
junior staff member of the Cosmic Ray Laboratory attached to the: Yakutsk Branch of the
Siberian Division of the Academy of Sciences. All the computaticns which we have discussed in
this article were made on his advice. A. P. Shapiro, a teacher at the Yakutsk State University,
has pointed out the advisibility of the transformation (6). This article was written at the sug-
gestion of the Scientific Council of the Cosmic Ray Laboratory.
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B. S. Shalamov

PLOTTING AN IDEALIZED VOLT-AMPERE CHARACTERISTIC FOR A TWO-TERMINAL
NETWORK CONTAINING A POINT-CONTACT TRANSISTOR WITH ALLOWANCE FOR

THE TEMPERATURE EFFECT

On the basis of static output characteristics of a point-contact transistor obtained at
temperatures of 0, 20 and 50° C, we analytically calculate and plot the volt-ampere characteristic

of a circuit containing a unit with a-,
negative dynamic resistance. The I_GD_I
conductivity of the electronic z ’_‘
semiconductors is highly dependent o b A
on temperature: ) o
_ AE h Fu
a = Gut’ i . )
(]
where AE is the activation energy ‘ =
of the current carricrs in clectron #b "=
volts, T is the temperature in ab- T‘
solute degrees, and k = 1.38- 10~16
erg/deg is the Boltzmann constant, a b
A variation of several tens of  pjg, 1, a - two-terminal network including point-contact wansistar; b -

degrees in the temperature of a is equivalent circuit,
semiconductor considerably alters
its electric characteristics. Hence, when calculating circuits containing transistors, we must
definitely take the temperature effect into account, It has been given on many occasions for
amplifying circuits using junction transistors, but for pulse circuits the problem has not been
investigated sufficiently fully as yet.

Figure la shows a conventional two-terminal circuit with input to the transistor emitter. In
{1] the volt-ampere characteristic u, = {(ig) is plotted graphically for this circuit, and a true
volt-ampere characteristic is obtained as a result, i.e,, the method does not necessitate any
assumptions, But it is laborious to plot. For engineering purposes satisfactory accuracy is
provided by an analytically calculated idealized volt-ampere characteristic. Hence, in our case
we use an idealized characteristic to evaluate the temperature effect.

Setting up a Kirchoff equation, we have from Fig. 1b

Wi do(r, o orp b BpYE i (rg 4 I "
— b= io(ry Ry - ary) = 1,‘(rb T ”b";' nyy. (2)
From which we can obtain an analytical expression for the volt-ampere characteristic
{ . ‘”b“ ’b‘“(h ot »q)ll . (Ilb-k rb)EII
e oz 0ry - B A . . (3)
1 R P My SR+

The characteristic is shown in Figure 2. In a normally functioning circuit the currents and
voltages vary over a wide range. To plot the characteristic we clearly only need to know the
coordinates of the bending points for the cut-off areas, active area and saturation area. Taking
into account the parameters in these three areas, we obtain
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When the surrounding temperature varies, the two parameters of the point contact transistor
ry and o vary lo the greatest extent.

As can be seen from expressions (4), (5) and (6), these pararieters are part of the formulae
for calculating the volt-ampere characteristic. To and ry, also vary, but we shall not take them
into account since they do not come into the calculation. To plot ihe volt-ampere characteristic
of the two-terminal network all we need is a set of static output cliaracteristics for the transistor.
Figure 3 shows the output characteristics of a SIG point-contact t;-ansistor obtained with the use
of the described graph [2] for temperatures of 0, 20 and 50° C.

The sequence for plotting ug = f (ig) is as follows: we select Lk.

Usually Eg = (1.5 + 2) Vi, where Vi is the pulse amplitude. .\s shown in Figure 3, the

load line should pass through the points Ex and A. The resistance of the collector junction to
direct current is v,
Fuer = T. .

To find a, we must extend the load line into the area where ig # 0.
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" At
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n
We calculate r, and o at T, T2, and T3’ and
for each T we End the bendlmg point coordinates.

From this data we plot an idcalized volt-
ampere characteristic taking temperature into
account. In Figure 2 the shaded area represents
the shift in the volt-ampere characteristic
during variation in temperature.

The effect of the temperature on the shape of
the volt-ampere curve can conveniently be
studied with an oscillograph circuit. A practical
circuit for this is given in Figure 4.

In conclusion I would like to express my ap-
preciation to Yu. G. Shafer for his assistance
in carrying out this research.
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Section II

PART PLAYED BY METEOROLOGICAL FACTORS IN VAEJATIONS IN DIFFERENT COSMIC

RAY COMPONENTS

L. I. Dorman
CALCULATION OF TEMPERATURE EFFECT OF COSMIC RAYS FROM ISOBAR SURFACE

HEIGHTS

At the present time the Soviet Cosmic Ray station network :s calculating the temperature

effect from the formula (see [1], chapter 5)
o Lwagar onan, ()

where & N/N is the variation in cosmic ray intensity reduced to the constant pressure, ho' W (h)
is the density of the temperature cocfficient, and § T(h) is the » ariation in temperature at cor-
responding isobar levels. This method has been recommended at the present time by the
Cosmic Ray Working Group of the Special Committee for the Int=rnational Geophysical Year as
one of the main ways of calculating temperature corrections. Mevertheless, many world
stations do not send in their meteorological data in the form of .1 temperature cross section for
the basic isobars, as required for this method, but rather in th-: form of the heights of different
isobars, as required for Duperier's method [2] (which is inaccurate, as shown in [3]). Here we
would like to show how these meteorological data can be used for our method. Their use also
makes it possible to exclude radiation errors.

The height H of the isobaric surface with a pressure h is

J

dh .
H = S P (2

where , (h') is the air density at the level h'. The variation in his height is

L, Ly
Ghy & oopth’ydh flrg cono , ,
b = pihys “;\ Ty T g 1 \ ae LAy an, )
3 8

in which it is taken into account that p(h) = h/RT. Differentiat ng expression (3) with respect to
h, we find

avi R

= — 7T L))
from which

A dvH
8T (h) = — 3 SIL 5

Substituting expression (5) into Formula (1) we obtain:
h,
! h 1Y/ 4
- § W) S an, (6)

The integral in the right hand side of (6) will be integrated by parts:

~ O
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Jstan. M

MU T W) AW )
R \[ R
Here the first term becomes zero (provided W(0) 6 H(O) <oo), and we will represent the
second term in the form of a sum, breaking down the area of pressures 0 - h, into n intervals
hi'—'ho, ...hn+1,01 n M
B0 L) 4 Ry (s Hd (8)
weL) g UV ey Ry ()jHdh
1 1,‘|_“
If by - by +1 is sufficigntly small, by placing §H; 1/2 lying between § H; and § H; , 1 before
the integral sign, we obtain

n hl
'% =3 !_’-7-{_'-‘ S (W (k) AW T (R)dh =

d
p=1 g
Nl hy hy ]
WM. . . .
s _',:/_IS Wy (k) dh 4 &V p () 1 — S Wy (h)dh]—
=1 ity My higy
o SH . , -
2 D (R 7 () = AW (el = ) a8 H o, ®
im=1 tmmy
where
vy IV () — kg Wor (i)l (10)

From (10) it is clear that if
u',(h):%, (11

where a is a constant, then all xj+1/2 = 0. It is easy to see that if (11) is the case, the second
term in the right hand part of expression (7) identically becomes zero, For practical purposes
the state of the atmosphere is determined from the level h, to a level h at a height still within
reach of the radiosondes. Then, if (11) is satisfied, we obtain from (7)

Y abdf i

= RE = i (), (12)
where 8 = a/R is the "decay" coefficient found by Duperier [2]. It is clear from.this (as pointed
out in [3}) that the method of calculating the temperature effect from Formula 912) is only valid
if expression (11) is chosen as Wr(h) which generally speaking is untrue.

If Wp(h) found from analysis of generation and propogation of the 4 -meson component
through the atmosphere differs substantially from (11), then Formula (12) is not valid and the
following formula should be used

WD By B bt e (13)

f=]

where x; . 1/2 is determined by expression (10), and the layer from h, - h is divided into n
intervals (here we ignore the effect of the layer from h - 0), The resufts of calculation of W-(h)
are given in (1] for different recordings. If his measured in atmospheres and Wr(h) is measured
in %/atm. °C., then R = 0.029 km/°C. The values hwr(h)/R and xi+1/2 will be in %/km (the
values of §H are measured in km).

The factors AWr(R)/R and =; , ; 2 can easily be calculated from known W.(h) for any case
of recording and any break-down of the atmosphere. An example of this calculation is given in
Table 1 (where it is assumed that h = 0.05).

It should be pointed out that use of Formula (13) is of a certain advantage over the error
calculation in [4]. First of all, according to (3), the differences in height variation determine
certain effective temperatures of layers, whereas in [4] use is made of the temperature of certain
levels measured, naturally enough, less accurately. Second, if & H; is measured by some other
independent means rather than temperature cross-section, Formula (13) makes it posasible to

avoid errors involved in radiation heating of the temperature pick-ups in the sondes, which is



Table 1. Values of factors (in %/km) for isobaric level of Feight corrections form Formula
(13) for screened ionization chamber at the sea level.

! AW (h)
*o.28 l *0.178 —

®,
0.08 R

"o.%0 l‘n.u *v.18

0. 128 i " 1088

[ ’ R
—2,03 i—I.ml—-O,Sﬁl——O,Gﬁli — 0,83 i — 0,44 | —0.47 i - 0,26 l ~ 0,26 I - (0,60

particula:ly important when excluding the meteorological effect of the upper layers of the at-
mosphere, where these errors are usually very large and make it very difficult to study many
types of casmic ray variation (solar-diurnal, sidereal-diurnal, and so on).
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A. I. Kuz'min and A, A. Danilov

METEOROLOGICAL EFFECTS OF COSMIC RAYS AT DEPTHS OF LESS THAN 100 m w.e.

UNDERGROUND

The study of the meteorological effects of the cosmic ray intensity underground makes it
possible to obtain information on the competitive processes of absorption and decay of particles
generating p-mesons, on the number of K -mesons generated by particles differing from
* -mesons, on the dynamics of the metecorological state of the lower stratosphere, and on the
part played by radiation effects in measuring the atmosphere's temperature. Evaluation and
calculation of these effects are also needed for study of time variations in cosmic-ray intensity
which can provide important information on cosmic rays from the cosmological point of view.

The meteorological effects of cosmic-ray intensity I underground have been studied to some
extent [1-4]. One such publication [2] relates to a depth of 60 m w.e., while the rest deal with
depths greater than 800 m w.e. This article concerns meteorological effects of cosmic rays at
depths of 7, 20 and 60 m w.e.

In 1957, using standard counter apparatus [7] synchronous measurements [6] of I were begun
at three levels, 7, 20 and 60 m w.e., below ground, in addition to measurements on the earth's
surface itself, in order to obtain information on the energy characteristics of the variations in
I and to test the theory of them [5]. The radio engineering installations [7] at T and 20 m w.e.,
were augmented with quench circuits [8,9], and at 60 m w.e., two extra standard semi-cube
telescopes were put into operation [9].

As initial material for consideration of the meteorological effects of I we took the mean
daily values of cosmic ray intensity at each level and the corresponding barometric pressures
and free atmosphere temperatures.

The latter information is supplied by the Yakutsk Meteorological Service. The mean diurnal
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I are taken as the mean two-hourly values ;’47’}_ , where I; is the intensity over the i-th hour. In
the installations which have duplicating channels, I; designates the sum of the readings for the i~-th
hour. For instance, for the 20 m w.e. level I; = I% +14, and for 60 m w.e. I; = Il + Lc +
Ii3 + L4, where the superscripts 1, 2, 3 and 4 show the number of the duplicating units.

The mean diurnal statistical accuracy of the measurement of I on the earth's surface and at
7, 20 and 60 m w.e. is equal to 0.07, 0.09, 0.10 and 0.14%, respectively. This accuracy is suf-
ficient to obtain reliable results at all levels I g

When compiling correlation equations to segregate the barometric temperature effects, we
discarded cases of possible systematic variations which were not due to temperature or baro-
metric cffects.

In particular, we discarded cases of effective magnetic storms and took steps to exclude
long-periodic variations in I which might accidentally correlate with meteorological factors.

In investigating meteorological factors, it is important to take proper account of the dis-
tributed temperature effect of the free atmosphere, which in the case of an actual non-equilibrium
atmosphere, as shown by Feynberg [10], cannot be reduced to the concept of a single-
temperature effect.

Later on, this probelm was considered by Dorman for the case of a "two-meson" system of
hard component generation in a series of studies, the chief results of which are given in his
monograph (5].

In considering the theory of the meteorological effect of the hard component in cosmic rays,



ho

V. Dorman [5] proceeded from the conventional view that the 1 -meson component is generated
by x -mesons throughout the atmosphere on the basis of a law corresponding to the law of ab-
sorption of | -meson generating components. The conclusions ‘rom this theory, just as those
from the single meson theory [10], can be shown in the form

A

LY ¢

o By + 5 W (k)i (h)dh. (0
-
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Here 8, is the barometric factor, W(h) is the temperature coefticient density characterizing the
role played by different atmospheric layers in causing the temperature effect. In this formula
W(h) = WT(h) + WH (h), where W™ (h) is the positive temperatur: effect due to the competition
between decay and absorption of » -mesons, while W H(h) is the negative temperature effect due
to the decay of j-mesons.

Figure 1 shows the densities of the temperature effect W(h) which we calculated for our ex=
perimental recordings of #-mesons by approximate formulae which provide, according to Dor-
man [11], sufficient accuracy when ohserving at sea level and t¢ a certain depth underground.

It is clear from Figure 1 that the negative u -meson effect -leclines sharply with depth (it is
approximately inversely proportional to the depth), whereas the positive temperature effect
increases, and is predominant at 60 m w.e. These calculations tally closely wita Dorman's [5]
for other recording depths (25, 55, 150, 300, 550, and 100 m w.e.).

Using these curves we calculated the expected temperature effects § N, /N“L for each depth,
and from then on used them to compile correlation
equations. The mean diurnal values of 8 Ny /Ny wir % e
were calculated from three daily sets of data ob-
tained by readings in Yakutsk at 0206 hours, 0806
hours, and 2006 hours, local time.

e

The 8V, /N, = g W (h) 8T 8h was calculated up 4
o gz
to a height h = 50 mb. The mean daily barometric ar
pressure was caliulated from hourly barograph 2 g 26 ge 10 A am
. n 1 - S0nda
readings h= -5 2 h. " 20 §
& 1212 ' vy wris
For this study we used observational data ob- -42
tained from Dec. 1, 1957 to October 30, 1958, g9 onds
Evaluation of meteorological effects of I underground
is carried out by examining the variation in the Fig. 1. Total density of temperature coefficient for
number of coincidences N as a function of the semi~cubic t:lescope on carth's surface and at 7, 20

cahnge in the barometric pressure h and the tem- 27 60 m W.¢. underground,

perature at the observation point. Instead of the temperature of a particular layer, we take the
expected effect calculated by Formula (1).
It is assumed that the variations can be described by the eqation

I —1 - 3(h-h)y4a(W—W), (2)
where I, h and W are the mcan diurnal p-meson intensities at tie given depth, the barometric
pressure of the earth's surface and the expected intensity, resp :ctively, while I, h and W are the

corresponding mean values over the period under consideration.
The table gives the results of the calculation, The followin ; symbols are used:

T iptwy ~ Is the pardal correlation factor between {ntensity and bsromewlc pressure p for constant W,

Tiw(w — Is the partial correlaton factor of the intensity I and W . £ for comstant p,

# — Is the barometric {actor determined experimentally,
Ar — Is the mean square error for the comrelation factar

(ar == +0,67="0),
\ - | A
A — s the mean square error for the regression factor

VR VA
(A?=I°—p- 7\“-—3)'




o

L3

/ e+ '}w—z’lv'wv) ,
‘( i—’,w

' 7 — I3 the exponent in the p ~-meson integral spectrurm,

: p — Is the correlation ratlo (p =

Furthermore, the table gives the theoretical barometric factor o for all recording levels
and is calculated from an approximate formula [5].

ze—miLm)
b= § {“ ¢, (S =) v LT+ S (Lo)[thy — Lz + A8}

b, (ho)x, [S (Lx), Ko(Lx), v{Lz)) !

— WmeTr 1 B s (Aot | @z | {1 @)z,
v
The first item describes the absorption effect (o« ,', and the second describes the u-meson
decay effect (« ). In this formula we have ignored the term describing the generation effect. It
is extremely small at sea level and underground [5].

In Formula (3) x = cos 6, where O is the zenith angle, bu is a parameter depending on the
experimental conditions and properties of the u-mesons, ¢, [S(Lz), v(Lz)] is a function of the
u —~meson energy spectrum and parameters X (Lx) and S(Lx) depending on the experimental con~
ditions and x -meson properties, «, ($(Ls). K,(Ls)] v(Lz)] is a function depending on the H-meson
spectrum and the parameters y(lLr), v(lz) and K(Lx), h, is the observation level pressure, L is
the path of the meson-generating component, and Ae is the minimum effective screen.

The calculations shown in the table demon-
strate that the barometric factor must decrease

as the observation depth increases, and that at .{”{ L 1ag - -
60 m w.e. it must be less than at sea level by a 24 ‘\\ / 7
factor of approximately 4. 0 Q N 7,’

It should be pointed out that the quantitative
ratio between the absorption and decay effects
also varies extremely rapidly with depth. For
instance, while at sea level the decay effect is
approximately three tir-es greater than the ab- 2 ""L/

sorption effect, at 7 m w.e, the decay effect is '7,7\\’_:\ /7""
approximately half the other, smaller by a o4 - ol
factor of 4 at 20 m w.e. and by a factor of 10 R iy

at 60 m w.e. This relationship between the ef- Nl

fects hardly depends on the exponent of the

g -meson spectrum when n varies from 2 to 2y £
3. Thus, it can be said that the barometric 'f”ﬂ 0z p_/_
effect at 60 m w.e. is almost entirely due to aﬁ.ﬁ——l\\ — i—
absorption. 2075 SN

Comparison of the theoretical barometric
factors with mean experimental values show
that they tally closely. They tally best of all

24
L 19
when the integral u-meson spectrum is 0 = _" —
97772 |

at sealevel .......... 1.3 /I ¥ mx v ¥ wmwa I oo

ai gom We B e i $5 Fig. 2, Secasonal varfations in intensity of hard component

a MW.€..oovnnnnnn M in cosmic rays at Yakutsk from 1957 1o 1958, 1,23, & 4 -

at60mw.e........... 2 hard component measured with semi-cubic telescope on
earth's surface and at 7, 20 and 60 m w, e., respectively,
underground,

These effective values of the exponent in the energy spectrum accord well with the exponents
determined for eachof the installations from the intensity-depth relationship [11].

Apart from the mean correlation and regression factors determined from a great deal of
observation material, the table gives values from a brief observation period. The breakdown
into short periods was made to avoid the effect of possible random systematic deviations of the
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measured I due to re-
placement of the counters,
and also to avoid long
periodic oscillations in I
which might accidentally
correlate with meteoro-
logical factors.

Comparison of
barometric factors deter-
mined from short observa-
tion periods shows that the
barometric factor is not a
function of the season.
This also accords with the
theory [5].

The partial correla-
tion factors Iyw ) are
comparatively small; this
is evidently due to the
fact that in view of the
short processing periods
a large part is played by
statistical errors and ef-
fects of non-atmospheric
origin (magnetic storms),
which cannot be completely
avoided.

Taking these facts in-
to account, it can be seen
that the data given here on
the temperature effect of
cosmic rays fit in with
theoretical views of the
nature of the effect.

The validity as a
first approximation of the
temperature effect density
curves used (see Figure 1)
can be checked from data
for the seasonal effect of
cosmic rays.

Figure 2 shows
curves for the seasonal in-
tensity of cosmic rays I on
the earth's surface and at
60 m w.e., corrected for
barometric effect, and the
expected seasonal varia-
tions N calculated by means
of the curves in Figure 1.

It is clear from Figure

2 that the seasonal variations ®1 at a depth of 60 m w.e. are less than on the surface, while the

maximum time shifts from winter to spring months.

This shift in the seasonal variation tallies

with a shift in the maximum temperature of the upper layers to the spring months [12] and

qualitatively accords with the great part played by the upper atmo:pheric layers in underground

measurements.
Comparison of the expected seasonal variations 8N due to seisonal changes in temperatures

~ O~ xj
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in the free atmosphere with observed scasonal variations in® I reveals coincidence within the
limits of the accuracy of the calculation and measurements.

In this way we can speak of the semi-quantitative agreement between theory and practice.
More accurate and convincing results in testing the theory can be obtained from an analysis of
air-mass effects [13]. At the present time material for this analysis is being collected and
processed.
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D. D. Krasil'nikov
BALOMETRIC EFFECTS OF EXTENSIVE ATV OSPHERIC SHOWERS

According to the earlier theory that extensive atmospheric showers were purely electron-
photon avalanches originating through electromagnetic interaction of high-speed charged particles
and photons with matter in the atmosphere, extensive atmospheric showers with a large number
of particles should achieve their maximum development, on thz average, ata greater depth in
the atmosphere than showers with a smaller number of particlas. It was therefore expected
that there would be a decrease in the barometric coefficient (or factor) of the shower frequencies,
op» With increasing number of particles in the shower near sea level (affecting the absorption of
showers in the atmosphere) [1}.

Qualitatively speaking, similar behavior of oy}, is expected according to the new, compara-
tively recently developed theory, which states that nuclear processes are the basis of the
development of extensive atmospheric showers [2,3]. This exvectation is based on the hypothesis
that the fraction of energy transmitted to the secondary particles during the primary interaction
between particles of high and altrahigh energy is constant, i.e., the fraction is not a function of
the energy [4). Admittedly, according to the nuclear-cascade theory, the barometric coefficient
oy, may vary with the size of the shower to a lesser extent than predicted according to the
electromagnetic cascade theory.

Direct measurements of the barometric effect of extensive atmospheric showers [5-7], and
the closely associated behavior with various particle densities [9,10] as a function of altitude
{8] have shown that the barometric effect is practically identical for showers of different sizes
and that the oy, = -0.10 per 1 cm Hg of pressure change. The latter corresponds to a mean path
of shower absorption L = 136 g ecm~2. The practical constan:y of ay, for showers of different
sizes was explained by an assumed corresponding increase in the exponent v in the spectrum of
primary ultrahigh energy particles, and consequently also in» = v/s - the exponent of the shower
spectrum with respect to the number of particles (s is the age parameter which is equal to 1.2 -
1.3 at sea level) [4]. The constancy of ah, was also used at on: time as one of the basic facts for -
substantiating the considerable part played by nuclear-cascade processes in the development of
these showers (2].

Results of earlier recordings of temporal variations in fr :quency of showers with various
energies in Yakutsk [1954-1957] showed a tendency towards ar increase in oh with an increase in
the shower energy [11,12]. There were substantial defects in the geometry of the experiment,
however, the errors in calculating a, were still too great bec wuse of the scarsity of data. More-
over, the effect of the variation in the exponent x in the show:r spectrum (with respect to the
number of particles) on the observed value of o, was not evaluated.

In the Handbook [3], x is assumed to vary between 1.32 ;ind 1.80. The value of the ex-
ponent x in various sectors of the shower spectrum with respect to the number of particles has
been determined more precisely by recent measurement of the: differential shower spectrum near
sea level (13,14]. The results of recent measurement of the harometric coefficient, o, at sea
level [15] show a possible increase in o}, with an increase in tie number of particles N in the
shower.

Keeping in mind the present obscurity regarding the beha'-ior of a}, with the increase in the
number of particles N in the shower, we give below the result3 of calculation of o}, for showers
with different mean N, on the basis of the new series of obser vations made in Yakutsk in 1958
and taking into account the variation in x .

To obtain o}, we used recorded data for the variations in shower frequency with six different
mean particle numbers N obtained over the period January to April, 1958, using the apparatus

~
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described ecarlier (16,17].

The recorded data taken into account were obtained by:

a) two local triple-coincidence installations with a counter group area of ~1.0, ~0.5 and
~1/6 m2, respectively;

b) six-fold coincidences, i.e., coinciding shower pulscs from two local installations with
identical counter group areas.

The layout of the counters for cases of C(3'é 1.0 m&)
- triple coincidences with a counter arca 1.0 m# - and
C(6; 1.0 mz) - six-fold coincidences with the same
counter area - are given in Figures 1 and 2. The layout w0 2
of the groups of counters for tripie und six-fold coinci-—
dences for a counter area of 1/2 and 1/6 m2 was the
same as that given in Figures 1 and 2.

The obscrvation data were processed, as before
[11}, by three-faclor correlation analysis: the regres-
sion factors 8C with respect to & h and 6C with respect
to 8 T were culculated from the variation plane of the .
shower frequency §C during variations in atmospheric A 9 74
pressure §h and temperature of the ground air layer v 77
§ T at the observation point.

The results of calculation of @, and oy for various
combinations of shower coincidences are given in Fig. 1. Layout of cougters for a case of
Table 1, where C is the shower recorded by the co- selectdon C(3; 1.0 m<).
incidence method, the first figure in parentheses is the
multiplicity of coincidence, the second figure is the area of the counter groups in parallel, A is
the anticoincidence, i.e., incidences of showers in one local installation unaccompanied by
simultaneous recordings in the other local installation with the same counter area; the fre-
quency of the latter in the given case was not recorded separately, but determined from the
frequency of other combinations:

K
5
»

Re 2]

A(3; 1.0) = C(3; 1.0); + C(3; 1.0) - 2C(6; 1.0).

The data in Table 1 show the poor
correlation between variations in the
frequency of showers ¢ and the varia- D D D D
tions in the temperature of the ground

air layer §T, but, nevertheless, a Lo I
trend is detectable showing that for a

local installation, ;:’, - < 0, and for the D D D [:]

the system of two local installations

Fig. 2. Layoutof a groug of coungers for a case of selecdon
" C (6; 1.0 m2),
spaced 57 m apart, ap >
This result' agrees qualitatively with views on the relationship between the spatial distribu-
tion function for particles in the extensive atmospheric showers and the ground temperature T of
the type cited by [18]. " ;
fhy~1.

where R(T) is the mean square shower radius as a function of temperature T.

At the same time, as is clgar frrom Table 1, the barometric coefficient o}, begin to increase
considerably for showers with N> 10” particles, i.e., beginning at C(6; 1.0 mél).

Let us consider to what extent the observed increase in the barometric factor oy with the
increase in size of the shower can be explained by an increase inthe exponent of the shower
spectrum x with an increasing number of particles in the shower.

The frequency of the showers recorded with an n-fold coincidence counter unit between groups
of counters with an equal area o is determined by an expression of the following type
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C(n, o)== S Ky \\ Win, o, Nog(n) oo glradlds, (1)

haay (S)

where K(N)dN = AN ~*~1dN is the differential distribution of tie showers with respect to the
number of particles, ¢(r;y is the spatial distribution function ia the shower, r is the distance
between the shower axis and the i-th group of counters (i =1, 2...n), S is the area encompassed
by the shower axes, W[n, o, N, ¢(ry), ... ¢ (rp)] is the probzbility of the installation recording
a shower with N particles, providing its axis strikes the area 2lement dS, located at a distance
Ty, 2y -..Ty from the counter groups 1, 2...n, respectively

Table 1
Baromeulc offect Temperatye effect
Oh , % per Tem(my | ¥m. % per Tem (h)

1 cm Hg 1°¢c,
1rg; 1 oy WoTL 0T oasda ol o oN b 00 -0 401040
0wy EIRTU A TR [ERU TN H.00 0 Ty [AUNARRIIRR
[ S S Y PRPES 1oG7 v Sy R Dot 0 0,044 0 04
C (G 10w [LEOERUNTUR B VTR [N RN (h5624.0,00
6, 0. 7 [N NN IRITE BT TR RTN (N [E LI T 0,274 0,41
(SO G BN TIYRS} e, S0

In order to find a formula for the expected barometric factor of the variation in shower fre-
quency ap, which is equal to the relative variation in shower frequency when the pressure b,
varies by one unit of measurement at the observation point, expression (1) has to be varied with
respect to h, (separately for each type of coincidence recordec):

1 JdC (n, o) 1 ¢ 3 o a- . ,
R A Ty ST S o a){g ang KA gj Finoo Nogtra)s oo,
0 8)
¢(ra)}dS +S K(N)dN &S _éa_o Win, o, N, o(r) .., @(r..)]dS} v (D
0 ]

The right-hand side in expression (2) consists of two terms. 7he first represents variation in
the frequency of the observed showers due to variation in the siectrum at the observation level,
while the second is associated with variation in the effective radius of the shower, R, in the
function ¢ (rj) when the observation level h, varies, and is classed as the geometry effect of the
installation, For the sake of brevity we will represent expression (2) as follows:

1, == 25 (K) + an (R). (3)

The values a(K) and a(R) can be evaluated in the following w:y. The integral spectrum of the
showers with respect to the number of particles, N is

F(>N):- BN, (4)

aF (> N) aF (> N) ON
T =TGR <

—x OlgN
Can e e BT S = F(SN), (5)

where py = alghN is the particle absorption factor in the showsr and is equal, according to

equation (3), to p)y = 0.56% per one millibar, which corresponcs to 1/ uy = 180 cmz.
N N

Assuming that the above is applicable, the behavior of the ntegral shower spectrum as a
function of altitude with respect to the number of particles near sea level can be represented as

~ O\
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follows: F(>N_b) = Bh). e V0T N ). N7 (6)
Hence K (N PE (> V. h
GZ‘ b fi:nh Lo opn AN 7 e =y K (N, )
1t follows from Equation (7) that
2 (K) = ~ . 8)

The second term in the barometric factor o (R) describes the effect of the geometry of the
experimental apparatus. It can be determined by direct differentiation of the second term in
Equation (2) (under the double integral sign) and by subsequent integration. If the exponent d of

the spacing function
C(D)~D™*

for the given type of shower C(n, ¢ ) is known, the approximate Equation (6) can be used.
_2(x—1)—d
o (R) = =550, ©)

L]
where h_ is the pressure at the observation level, D#=0.1 to 0.2 for moderate spacings (D< 10 m).

As the experiment shows, near sea level the contribution made by a(R) to o}, is small
compared with o(K) [less than 0.1 o (K)].

It is clear from Equations (8) and (9) that both o(K) and ap(R) depend on the exponent x of
the shower spectrum with respect to the number of particles. If x is a variable for the
recorded showers, we will have to use the following average values for the entire recorded
spectrum instead of », in order to evaluate ay, in Formulae (8) and (9).

(1.
x= % Piw, (10)

fmm)
where P; is the weight of the i-th sector of the shower spectrum with respect to the number of
particles with the exponent x in producing the observed shower frequency C(n, s ).

it has been shown [19] on the basis of data obtained in measuring the shower density spectrum

(taking into account that the exponents of the density spectrum and shower spectrum with respect
to the number of particles at sea level coincide within 2% [20] that x is not a constant, but,
generally speaking, is a function of the shower size:

x = x(N),
whence it can be concluded that
ap = ay (V). (11)

On the basis of experimental data from recent direct measurements of the extensive at-
mospheric shower spectrum (see [13] and other publications) quoted in Cocconi's latest review
{3], the shower spectrum with respect to the number of particles at sea level can be broken
down into three ranges, within which the value of x remains constant:

%, = 1,36 for the number of particles in the shower 10 < N < 10¢
%y = 1,55 for the number of particles in the shower 10 < N < 10¢ (12)
* %3 = 1,84 for the number of particles in the shower N> 10¢

The value of x adopted in the range N> 106 does not correspond to the approximate value
quoted in [3] (it is larger), and merely satisfies measurement data [13].

The weight P; (i = 1, 2 and 3) in Equation (10) can be determined separately in each case
‘rom the recording spectrum for the given type of shower coincidence C(n, ¢) in the following
way:
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where C(n, ¢ )pred is the predicted number of shower coincicences of the given type per unit of
time:

Nz

C(n,a)= x Ay N ”‘d‘\'gg Win, o, ryrae ooy rn, p{r), ¥N]dS +
N _ja* ! “
F g A NTEB gy SH’[n, P SRS S P
V= fa)
-+ S AN -'""«M’S Win o rra . Lo 300, NdS. (14)
hE A {ey g
In the double integral with respect to the area S the expression 7
V=1
1114+ %"} for a shower of the
1=]
| type ((n == 3, o),
Win, o rpry o ooru-plr), N = 1 llll” _ _ert'.'"I:- for a shower 0{“5)
the type (=0, 3), -

# (r;) is the function of spatial particle distribution in the shover; r; is the distance in meters
between the shower axis and the counter group, and Al’ Ay ard {\3 are cgnstants.

On the basis of measurements near sea level [21], the furction (r) is taken for these calcula-
tions in the form of

‘ﬂ-l' ! at < 1w
@y - ]‘ hor 10 W oat U< r < 100 W, (16)
lC" B at o> 100 A

where a = 1.84-10~3, b =2.21. 1073 and ¢ = 0.568,

The constants of the differential particle-number spectrum for the showers near sea level
Ap, Ag and Ag are taken from Cocconi's publication [3] and {f:'om measurements made by Rossi,
Cllark, and others [13]. All the integrals were calculated by :.pproximate numerical integration
methods.

The differential spectrum for extensive atmospheric shovers recorded with the given type
of selection C(n, ¢), i.e., the recording spectrum, can be represented in the form

Hin, s, ¥] = K (N) “wm. 3 9(r) o B VIdS,  (17)
(n)
where K(N)dN is the differential spectrum for the number of particles in the shower at sea level.
The shower recording spectra calculated by the above method for the types C(n, ¢ ) are
given in Figure 3. The number of coincidences per unit of tirie for the type of selection ” -, ¢ )
is determined by the area under the curve for the recording sjectrum function (17, i.e.,
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'(n,q) S I, s, NdN, (18)

Figure 4 gives the results of calculations, using Equations (2), (8), (8) and (10), of the
predicted barometric factor as a function of the mean shower size ah(N)pred. and the correspond-
ing observed values of “h(mexper

As the mean size of the shower we do not take the average arithmetic value,

‘; Nl a s Nov e (r), g (r ] AN

Narith, = & SRS (1)
S M, 3. N %, g (r1), - ATIEA
°

but the median value I.*I-e“_ , determined from the condition

”ﬂeff. ©
\ Rlnoo NV - S Rin o, NJUN - L (n, Npred,  (21)
o N

eff,

This is due to and justified by the fact that in producing the observed variation in frequency
6C(n, ¢ )/C(n, ¢) all showers, irrespective of their size, take part with an equal weight, i.e.,
they are equivalent in this sense.

A comparison of the corresponding oh(N) pred, and ozh(N)e r. in Figure 4 throughout the
range under consideration of mean N in the showers shows thexg)llowmg

1) The increase in o (N) ed, With the increase of N in the shower is comparatively slight.
This is due to the fact that the increase in  x j with the increase in the shower N; from the view-
point of an effect on o (N) pred. 18 compensated to a considerable extent by the correspondmg
decrease in the weighg]P of the given sector of shower magnitudes N; in the recording
spectrum. -

We should recall that when calculating ap(N)preq, ”‘M’I
the maximum effect of x was assumed: instead o? 1/{
d log N/gh decreasing with an increase in N, we took 4
a constant equal to 0.56% for one millibar, ac-
cording to [3], which is greater than in Equation
(2); and the %reatest of the measured x over the uery ?%\
range N> 10° was selected [13]. ; A\

2) A substantial discrepancy is observed be- ; [/o‘/ﬂl
tween o (N) pred. and o p(N)oxper, We can conclude A ~
from th:s that for showers with N » 109, the ab- \
sorption of the particles in the shower My =3dlog N/ $ v’ j/\
dh with an increase in N does not only not decrease, \s.q17) \

44144

-~

for showers
3

goux
3
.

pet
3

R(N, o, 0

or even stay constant, but increases. Prx

An explanation for the increase in dlog N/3h
with an increase in N should be sought in the cor- v’ \\
responding substantial variation in some, possibly wi ot b ot wt ’
all, principal factors (interaction cross section,
multiplicity of nascent particles, fraction of Fig. 3. Recording spectra of extensive atmo-
energy passed on to secondary particles, etc.) of spheric showens R(N, n, ¢ ) In Yakusk.
the elementary act at primary particle energies of E, > > 1015 ev,

In particular, the results obtained here correspond with S. 1. Nikol'skiy's hypothesis
[22] that at E;>-10 15 ev, the multiplicity of the separated particles, over the given energy range,
among the large number of nascent secondary particles must be greater than one.

Furthermore, it should be pointed out that the changes in the slope of the curves (increase
of x), beginning from N3 105 particles in the shower spectrum at sea level, are probably due
to an increase in y for showers with N>. 109 [23], and are not caused by corresponding varia-
tions in the exponent y in the spectrum for ultrahigh energy primary particles, as assumed by
certain investigators [24].
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it his pleasant duty to express profound

In conclusion the author considers
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Ya. L. Blokh, Ye, S. Glokova and N. S. Kaminer
BAROMETRIC EFFECT OF COSMIC RAYS

1. When a stream of cosmic rays passes through the atmosphere, it is weakened because
of absorption. The stream is not parallel or monoenergetic, but it can be considered that the
weakening in a layer of matter dp (mb) is described with sufficient accuracy by the expression:

dl . —ul dp, “)
where p is a coefficient describing the weakening of the stream.

Let us use I, to denote the intensity at a certain constant depth p = p, in mb. Integration of
(1) then gives

Inl—1n/, ——u(p—p) (@)

or | ) (2)

Let I and p be the cosmic-ray intensity and barometric pressure, respectively recorded by the
station. The variations in cosmic-ray intensity due to changes in pressure can be excluded by
introducing barometric corrections. This is the same as determining the intensity at the depth
Py if the intensity at p is known at the given moment of time. According to equation (2),

In/y = Ind 4 u(p—py) 3
or ["' _ Jen p—pa, (3’)
2. Variations is cosmic-ray intensity are conventionally expressed in relative units, It

follows from equation (2) that the relative variation in cosmic-ray intensity due to changes in
pressure can be expressed by the formula

1 -

II B
7 "L 400 - U0 e PP _f] = B, (4)

"
where B is the barometric correction. Expanding e” u(P-Po) into a series, we obtain
R A0 [emmr=r0 — 1] -

. p(p -pa vtlp -p)t  wi{p--p)
L B R R )

However, equation (4) cannot be used in this form because Ip is an unknown which varies con-
tinuously with time. For practical purposes the relative variation is expressed in percent of a
constant value of I, which has been adopted as the standard (Io:-‘q’Tp ).
Let us transform equation (4) by separating the variable term ?Po in the denominator., As-
suming Ipo =I5+ (Ip, -~ Io) in the denominator on the left-hand side and multiplying both sides
I+ (1, —10) N
of equation (4) by fa » we obtain

* This formula can be directly derived from Formula (2') by substituting the expressions for I
and Ip, in terms of Al and Al, ;. Formula (6) can also be represented in the form

Al — Al - _[nug ’:J.“nf]
" I ’
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11 1 -1
— 00— AT M, =B )

1, °

Where

I- 1, , L, e
Al - =R HO0 (%) et AT, 7 10U (% ).
" w

i.e., all the data before and after barometric corrections are ¢ xpressed in percent of I,- The

/ /.
term ""I—— -/t , which occurs here in the right hand side of e-juation (6), takes into account the

effect of deviation in Ip from the standard I, on the barometric correction. If these deviations
are small, the addition3l term is small, and at I, = I it is equal to zero.

Disregarding this aditional term and limiting ourselves to the first term in the series (5),
we obtain the formula which is usually employed to make the barometric correction of data for
the hard component in cosmic rays,

A AL B p), )

where P =100u is the barometric coefficient (factor) expressed in %/mb. Clearly, equation
(7) is an approximate one.

Table
Errors made in calculation of the barometric correction by u~ing equation (7) [in percent of I5]
B (P—p)—b ety
Tp—1s e
»—p.. b T ‘ N
Bae—0,75%/mb Be=—0.15%/mb Ba—0.15%/mb p=—0,15%smb
| | |
1 0,003 0,0001 0,01 0,4 0,0015
0,10 0.8 0,02
0,50 0,18 0,08
10 0,27 0,04 0,01 0,37 0,04
0,10 0,72 0,15
0,50 3,50 0,7%
20 1,07 0,04 0,01 0,16 0,03
0,10 1,32 0,30
0,50 8,78 1,48
40 4,08 0,18 0 0,28 0,08
0,10 2,59 0,58
0,50 12,96 2,01

3. Equation (7) enables us to calculate the barometric effect fairly accurately provided that
B (p - po) is small. It is known, however, that the neutron com jonent in cosmic rays reacts to
a much greater degree (4 - 6 times) to the variation in baromet: ic pressure than the hard

where

[T T) TR Pt KSR I l!ll[}l(p po)+ e )’ + _‘:”"; s ] , 6y
or

al, = Al {B = - 3’%}’-’£][‘ - f{;J "

~ N
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component, Furthermore, we often observe deviations in the diurnal means of the barometric
pressure of 20 to 30 mb (or even more) from the average pressure at the given station. The
deviations of I, from I, are also large and comparable to the value of I,. All this suggests that
in a numbrr of cases equation (7) provides too rough an approximation.

The table shows some values of the errors which are made when making barometric cor-
rections from equation (7): 1) due to the use of the linear approximation for B, and 2) due to

disregarding the term L"—}——l"— B. The errors have been calculated for the neutron component
L]
{ B= - 0.75%/mb) and the hard component (8 = 0.15%/mb) in cosmic rays for certain values of

—1,

1
P - po) and p.l.

It is clear from the table that
a) for the hard component in cosmic rays the linear approximation can always be used,
even when the barometric pressure variations are very large, up to 40 mb (the error does not
exceed 0.2% of 1,). P
— e

b) for the hard component, in practically all cases, we can disregard the term i_l_._
°

B.

This value is only high when the hard component variations are very great and correspond to
'bursts’. During a burst, however, the intensity grows so rapidly (10 - 20 minutes) that the
barometric pressure hardly has time to change appreciably. Even when the intensity goes up
by 200% and the pressure changes by 1 mb, the error due to disregarding this term will not be
more than 0.3% of I,, and can be completely ignored.

¢) for the neutron component in cosmic rays, when the decreased pressure variations are
15-20 mb., the linear approximation will not suffice. In this case the error will amount to
0.6 - 1.1% which is beyond precision for reporting.

d) for neutron component, when the pressure change is 10 - 15 mb and the deviation of

Ip, from I, is 10%, the error due to disregarding the term 4’_11— v ig 1 ~-1.5%.

The following conclusions can be drawn:

1. For the hard component in cosmic rays, equation (7) gives a fairly good approximation
and can be used in all cases.

2. For the neutron component in cosmic rays, equation (7) can lead to considerable errors
in many cases. Since the more exact equation (6'") is inconvenient, it is preferable not to convert
data for the neutron component, expressed in terms of the number of pulses, into percentage of
I, before barometric corrections are made. The reduction of data for the neutron component to
a constant barometric pressure should be made on the basis of equation (3).* In equation (3)
[lnlp, = Inl +y (p - po)] the intensity of the cosmic rays is expressed in terms of the number of
pulses and the calculation of the barometric correction does not involve the use of the standard

3. As has been shown, the barometric correction to data for the neutron component should
be made by equation (3), i.e., the logarithmic relationship between variations in I and p should be
taken into account. In this case the method of determining the barometric coefficient B or the
coefficient u is also varied. The conventional method of linear correlation between cosmic-ray
intensity and barometric pressure should be replaced by linear correlation between the logarithm
of the neutron component intensity and the barometric pressure.

* M. Wada. "J. Scient. Res." 1957, v. 51, p. 201.



56

N. P. Chirkov and Yu. G. Shafer

EFFECT OF AIR MASS FRONTS ON COSMIC RAY INTENSITY AND ROLE PLAYED BY

LOWER LAYERS OF STRATOSPHERE

The meteorological nature of the effect of replacement of air masses on cosmic-ray intensity
has been explained fairly clearly in the publications of the Yakutsk laboratory [1,2], which refer
to a possible reduction in the effect through redistribution of the air masses in the lower
stratosphere.

This article endeavors to analyze experimental material witt a view to evaluating this ef-
fect, and, using meteorological effect calculations devised by Fe:mberg-Dorman [3], to ascertain
the frontal situation in the lower stratosphere when pronounced t1opospheric warm and cold
meteorological fronts pass over the cosmic ray recorder. For the investigation we used material
from continuous measurements of the global intensity of the hard component made in Moscow at
the Institute of Terrestial Magnetism, Ionosphere and the Propagation of Radio Waves of the
Academy of Sciences of the USSR (IZMIRAN) using the ASK-1 apparatus.

The data on the tei.perature radio-sounding of the atmosphere, when the meteorological
fronts passed over Moscow, were obtained from the Central Aerological Observatory (CAO).

In all, 49 warm and 48 cold fronts passing over Moscow between 1953 and 1957 were
studied, All the fronts were selected by specialists from the Certral Weather Forecasting
Institute (after examination of ground weather charts). The fronts were required to meet the
following specifications:

a) they had to be well pronounced in the meteorological field it the earth's surface and at
an isobaric surface level of 850 mb;

b) before the moment the selected front passed over the obse rvation point, Moscow had to
be in a homogeneous air mass, i.e., neither at ground level nor it any height had there to be
any other meteorological fronts during this period;

¢) after the selected front had passed over Moscow, no other frontal divisions were to be
noted until the front had passed over at all altitudes.

The frontal divisions of the air masses and their upper bouncaries were fixed from data of
four radiosondes every 24 hours and from aircraft sounding, and also from temperature field
analysis at isobaric surface levels of 850, 700, 500, 300 and 200 mb, and in certain cases at
100, 50 mb, or higher.

When the warm fronts passed over, seven moderate and thre: strong magnetic storms were
recorded, and three moderate and one strong one when the cold fiont passed over,

The experimental material was processed in the following way. Just as in other research
work [1,2], the frontal division projection onto the earth's surfac-: was divided into seven zones
in the case of the warm, and six zones in the case of cold fronts. Moreover, an analysis was
made of material from two zones, corresponding in pairs to "pur:" cold and warm air masses
passing over the observation point before and after the front, regirdless of the type. FEach zone
was given a number (, 2, ... k) which was used to mark its other relevant characteristics. The
zones were not included in the analysis uniess there were radio sindes or aircraft sounding while
they were overhead.

In accordance with the time of passage of the fronts over the Moscow Cosmic Ray Station, we
collected §I;);,, data for each hour following the radio sounding. ~'he values of the intensity for
each front type obtained in this way were then averaged. The derived deviations (where k is
the zone number and n is the number of fronts of the given type) were processed by the Cri method

(superimposition of epochs). We thus derived mean deviations of 81K for each type (Figures 1b and
2b).

~ O
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tions of #-meson component and atmospheric tempera-
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S§Nu; c - rate ofslipN; d - rate of the termestrial § p and temperature (3L ter); 3 - rate e aunospheric
tem“ rature on standard levels; 1 - 200 mb; 2 - 300 mb, 3 « 400 mb; 4 - Boz)mb; - 600 mb; 6 -"700 mb;
7-800 mb; 8 - 900 mb,

(mean of 31 cases)
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The results of the temperature sounding for each
standard pressure level were processed in similar

were calculated from data for the temperature o
cross section of the atmosphere by the Feynberg- '
Dorman system. These results and the ex-
perimental curves for the # -meson component e ar
intensity are given in Figures 1b and 2b. Figures o
1c and 2c show curves for the 4 -meson Intensity = *
variation taking the temperature of the atmo- S
sphere, collisions and barometric pressure into “ s
account. It is clear from these curves that the ’
hard component intensity freed, in a first ap-

T
! H
fashion. The averaged curve for temperature varia- Warm | | Cold
tion at different levels is shown in Figures le, 2e, alr 1 Irontal suface zone | alr
3b and 4b, mass | : mass
Variations in intensity, in percent ol ‘he H :
theoretical mean, due to meteorological tactors o : e
{

o2

a o -d,

proximation, from the effect of the layer of at- )8 o»&;_‘:i
mosphere between the earth's surface and a ash® e . = IRy oo
height of 200 mb, undergoes variations of g
particular interest in the case of the warm front, L. ]
Analysis of the material suggests the I .
following: I b .
1. When the warm front passes over (Figure I /-\,\ 1 e

1b), the intensity of the hard component'is re- : ‘
duced by 0.48% 0.10%. The reduction begins a !

short time after the projection of the upper Y | 4
boundary of the frontal section reaches the point I I :

and ends approximately one hour before the - :
ground line of the front passes over. é:\\

i
!

The correlation factors for the meson in- . !
tensity variations and theoretically expected in- ‘ 1 !
tensity are very great: rj = 0.98% 0.01 between ‘ : \ v

|

8t

b
|
81jp and §Ngog, rz = 0.96% 0.02 between & I :

and 8 N3gg and r 3 = 0.93 4 0.04 between §1j, and L

$N200- ‘74_5‘-5 P ) I
2. In the case of the cold front the effect is Fig. 3

0.53 $0.10%. The intensity increase begins when
the ground linc of the front passes over the ob- a - the values o7 §1;, and AN, during passage of
servation point. Maximum intensity is observed  a warm front, considering the effect of lower suato-

just before passage of the projection of the upper  sphere (average of 14 imstances); b - varladon of
boundary of the frontal section. temperature on level. 1-50 mb, 2- 100 mb, 3 -

The correlation cocfficient between 81, and 200 mb, 4 - 30y mb and 5 - wopospherlc average,

§Nu is very high for the cold front, as welllp.

3. In order to be able to assess the possible effect of redis ribution of air masses in the
lower stratosphere on the front effect in cosmic-ray intensity to any extent at all, we had to make
use of additional experimental material from 1955 - 1957 during which there was higher tempera-
ture sounding of the atmosphere than in preceeding years.

Figures 3a and 4a show curves for 41 and ét for warm and cold fronts obtained from the
processing of this additional material. It is not difficult to note from study of these graphs that
the contribution made by the lower stratosphere steps up the me eorological front effect in I.

The appearance of the curves for s I and 8 W changes as well.

To some extent this conclusion confirms G. D. Zubyan's hypothesis regarding the
participation of the lower stratosphere in the formation and development of meteorological fronts
[4]. Unfortunately, we do not yet have sufficient experimental material for any more definite
conclusions.

A feature which stands out when looking at Figures 3a and 4. is the divergence between the

~ o
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# -meson intensity obtained experimentally and the values
calculated by the Dorman-Feynberg system which takes
into accounty = 0.5 adopted in [5]. Rough calculation
shows that these discreparicies become minimal if we
take ¥ =0.35 when calculating § W.

Figures le, 2e, 3b and 4b clearly show a reversal of
the temperature distribution of the air in the stratosphere
compared with variation in temperature in the tropo-
sphere. This fact shows up particularly in the case of
the warm front and coincides with L. R. Rakipova's views
[6]. We consider that these processes mutually compen-
sate for the effects in I when the fronts pass over.

4., Using 1949 - 1952 material [2] and the results of
our own research, we were able to trace the relationship
between the variation in the meteorological front effect
WA and the state of solar activity
for a number of years.

The curves given in Fig.

IERWETAN z
: NG - 5 for A (Wulf number) and W
. ML (temperature contribution to
034 rs xo . front effect) reveal con-
i T siderable correlation., This
fact suggests that as the
oo an- sun's activity increases, so

do the processes in the at-
mosphere leading to an in-
Y crease in W.

1

vy 8 T 6 5 e J 2

Fig. 4, Same as Fig, 3, for a cold front
- (average of 12 instances),

4

L1982 V351957

931955
Flg. 5. Variation of temperature
effect on the Wolf number in 1949-
1952, 1953-1955, and 1955-1957,
W, - temperatue effect {n cold
front; Wm - temperature effect in
warm front; A - Wolf number,
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Ye. S. Glokova
ANNUAL VARIATIONS IN COSMIC RAY INTENSITY AND TEMPERATURE CORRECTIONS

There is no longer any doubt that the regular annual variaiions in the intensity of the hard
component in cosmic r: ys I, reduced to a constant barometric pressure, are produced by a
temperature effect. It is not yet entirely clear, however, whether there are residual annual
variations in I of non-meteorological origin, or how regular thay are.

When the meteorological corrections W calculated by Dupe rier's method had been made,
there was discovered in Manchester [1] a residual annual wave I - W of opposite phase, i.e.,
with a maximum in the summer and minimum in the winter. 7The total amplitude of this in-
verse wave was almost equal to that of the annual wave I observed and amounted to more than
1% of the mean intensity Io. As Dorman has shown [2], this inverse wave might have been the
result of inaccurate meteorological corrections which had beer. determined using regression co-
efficients obtained from correlation of mean diurnal I with barometric pressure and isobar
height of 100 mb.

At the Freiburg station [3], at which a large cylindrical ionization chamber was used for
recording, the meteorological factors were determined by multiple correlation of four variables:
the intensity I, barometric pressure, isobar height of 96 mb, :nd difference in height between
isobars 96 mb and 225 mb. When the data for I had been reduced to constant values for the said
variables, no further inverse annual wave was detected in Fre burg. Neither is there one in
Cheltenham, according to Forbush, {8].

The author determines temperature corrections by Dormai's method {2] from aerological
temperature data from the Cheltenham station from 1939 to 19--6, and for Soviet stations over
the period 1953 to 1957. After temperature corrections had been made, no appreciable inverse
annual wave was observed at Cheltenham from 1939 t1» 1946. " 'he variations in the mean monthly
values of I - W were easily correlated with magnetic activity. In the mean annual variation a
clearly marked reduction in intensity was noticed during the ecuinoxes, corresponding to the
Corty effect in magnetic activity [4].

Both at Cheltenham and at the USSR stations I was recorded with ionization chambers of
similar design. The temperature corrections were calculated by the same method using the
same temperature coefficients. However, at the USSR station:; the mean monthly values I - W
showed inverse annual variations from 0.5 - 1.5% of I, [5]. Ttese variations are a smaller per-
centage of the observed annual wave I than in [1], since the yezrly variations in I observed at
USSR stations were considerably greater than in Manchester. But the inverse-phase variation in
I - W is regular in nature, recurring from year to year. Figires 1 and 2 show variations in
mean monthly I - W at the Moscow and Yakutsk stations from 1953 to 1957, at the Freiberg
station from 1953 to 1954, and at Cheltenham from 1942 - 194¢ (Figure 2) and 1953 - 1957 [8]
(Figure 1)*. From the curves in Figures 1 and 2 it is clear ttat:

1. The mean monthly I - W for Moscow and Yakutsk show regular annual variations with a
maximum in summer (Figure 1, curves 1 and 2),

2. The amplitude of the inverse annual variations is greater for Yakutsk than for Moscow
(Figure 1, curves 1 and 2).

* The data in Figure 2 were corrected for non-cyclic variatior:s by subtracting the smoothed
curve. The smoothing was done by averaging for 12 consecuti-'e months using sliding means. Fig.
1 gives data without non-cyclic correction. Data for I and W f:'om Yakutsk were provided by
YBSDAS. Data from Freiberg were generously supplied by A, 1. Ol',

~N O\rs
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3. The inverse annual variation in I - W does not occur in the case of Freiburg or Che' :n-
bham, according to Forbush's data (Figure 1, curves 4 and 5).

4. The spread of the mean monthly I - W for Moscow and Yakutsk (through inverse annual
variations} is considerably greater than for Freiburg or Cheltenham,

5. The mean monthly I - W for Cheltenham from 1942 - 1946 do not show appreciable in-
verse annual variations even when W is calculated by Dorman's formula, and correclate closely
with the variation in magnetic activity (Figure 2).

As will be shown below, the different results obtained by Cheltenham and the Soviet
stations using Dorman's method for determining the temperature corrections can be explained by
the inaccuracy of the temperature coefficients used to compute the corrections at different
stations. Because of very great annual oscillations in temperature at the Soviet stations, only
a small error in the temperature coefficients is required for appreciable distortion of the
residual variations in1 - W. A slight increase in the temperature coefficients in comparison
with the true ones should produce a regular inverse annual wave I - W,

Effect of Screen

As has already been pointed out, the temperature corrections at the Moscow, Yakutsk and
Cheltenham stations (1940 - 1946) were calculated with the use of the same temperature co-
efficients. Despite the more or less identical thickness of the lead shot surrounding the chamber,
however, the instruments at these stations were actually working with different screens, as is
clear from Table 1.

Tonization chamber
screens consist of their own
lead screen and the building
screen. The former can be
calculated fairly accurately,
on the basis of the chamber's .| | ‘ Y v NA®
dimensions. As shown by PR LY e - ‘ e R :
Dorman {6], the effective
screen for spherical ioniza-
tion chambers increases
with the chamber size, at
the same thickness of the ’
lead shot layer. The
building screens could only
be calculated approximately,
particularly before July,
1954, in Moscow, whc ‘e the
screen provided by the v
building was extensive qz¢’

1R
14

and unsymmetrical. It o | ‘ | . AL
can be taken as a rough 06 ! : y 1. ‘ B :
estimate that in light o8+ ‘t P H P . 1 | ,i,_i ’J i ! % i
I ' '
i el oofin L " - i { L ! . | i
materials used for r ing ZY¥ wad U Y WAU ! OF BAD I 6 7 0G0 7T v @
(stone, clay, sand, con- o ross 1055 vosa p

crete, tar paper, wood),

i n on Fig. 1, Variation of average monthly values of 1 - W, 1-1 - W, Moscow, solid
%os'ses .m meson energy urge - W not corrected for s%reen- 2 -yl - W, Yakutsk, dashed line - W corrected for
ionization are the same 88  ycreen, 3 - | - W, Moscow and Yakusk, corrected for sereen and gamma (solid
in aluminum, For partic- line - Yakuwsk, dashed line - Moscow), 4 - 1 - W, Freiburg; 5 - [ - W, Cheltenham,

les with a’kinetic energy from ref, 8. R - reladve number of sun spows; C - index of magnetic actviry,

0.3 Bev, energy losses in  2Verage for USSR statlons,

lead per 1 g/cm? amount to 1.15 Mev, and in aluminum 1.65 Mev. To obtain the equivalent

screening, the building screen in g/cm2 was multiplied by 1.5 and added to the chamber screen.
The temperature coefficients used for calculating the corrections were derived for minimum

total energy of the recorded meson 0.4 Bev, or kinetic energy 0.3 Bev, which corresponds to a

screen of 240 g/cm2 Pb. Table 1 shows that since August, 1954, the screen in Moscow has
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Table 1

g g
1 . a
- I T Y
1=} oo ] a. 3
Stadon Recording perfod g iy o oy % &.E ,_g
g | 58|58 |58 o
E 8|88 ¢
MO$COW. o suveeas| from July 1954 ASK-1 175 12€ +-20 300 2
MosScOW, cuvaeass| to August 1954 ASK-1 170 4042 235 1
Yakutsk.ooeneaaa| 1953-1957 ASK-1 175 12045 355 2
Cheltenham, ....d 1939-1945 Cc-2 155 >20 135 3

changed little from that

value. It is designated No. Il N L ] val v

1. The screens in the sl l N T Ml \ﬁl:" \"L

ASK-1 apparatus in Moscow : \u-:'

up to July, 1954, and in Y L ~ ! |

Yakutsk for the whole of the T | W A

period under consideration, -, i i 1 1[ L. ¥
were identical (No. 2), and @7 I T — ST 1) 6
greater than screen No, 1 ae|—}- — \_-j\;:*‘ VAUl 1[‘[ [— 7
by 120 g/cm?2 Pb. Screen “\X/ AN~ Ve NS \

No. 3 in Cheltenham is (34 YT A4 v - ’I’l‘

smaller than screen No. 1 "IIWAITIIH;IZ'HHIHIMUIIJ}'mﬂﬂ!ﬂlmﬂ’ﬂ

by at least 50 g/cm2 Pb, me ey woue o5 s9es

To investigate the part Fig. % Varlation of average monthly values I - W in Cheltenham, Solid line,
played by the screen in pro- without screen correction; dashed line, corrzcted for screen (W as determined by
ducing the inverse annual the Dorman method); C - planctary tndex o’ magnetic activity,
wave I - W as a value describing the extent of the annual variation in the temperature correction

V, we took the difference between the maximum and minimum V' _. This difference will be

called aW,,. The symbols W, and AW, designate corrections « alculated using the same
temperature coefficients, regardless of the screen. It can be taken that W, describes the ex-
tent of yearly temperature oscillations at the stations. Let us use Alto designate the difference
in I over the same months; AI - AW, is the extent of the inverse annual wave using temperature
corrections W,. To determine Al we selected I from extreme values of W,, since other -
factors might gave had an effect on the variation in cosmic ray intensity, while we were interested

in the inverse wave Al - AW in terms of the temperature corrections.

Table 2
Do -1 —aw,
Statlon © g | Months of Ex- aw, ar | ar-aw, “—A‘:—, .
249 emes in W, '
-
MOSCOW,ennnonss 1 |Feb. and july 4,0 3,9 —0,6 13
MOSCOW..ausssee] 2 |Feb, and July 5.2 4,0 —1,2 23
Yakuski.eiesees| 3 |Dec. and July 6,3 5,0 -1.3 2t
Cheltenham.....d 4 {Jao. and August 3,0 2.8 7

Aland AW, were determined for Moscow for the mean annal variation over the period
August 1954 - July 1956 (screen No. 1), and for the annual varia:ion from June 1953 to May 1954
{(screen No. 2). In the case of Yakutsk Al and AW, were deterinined for the mean annual varia-
tion from August 1954 to July 1956 (screen No. 2); i%r Cheltenham we took the mean annual
variation from 1940 - 1945. Dorman {2] has given approximate formulae for evaluating the
relative variation in temperature coefficients 8 W - W with varistion in the screen (see Dorman's
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book [2], p. 115):

BH'“ bAs

W, T T h,—Iz+ as foru-mesons,
(1)

W,
W,

= 8Ae forn -mesons;

here hy is the depth of the atmosphere at which I is recorded, (h, = 1000 g/cm2 is taken as equal
to unity), L is the path of the meson-gencrating component (in the units selected it is taken as L
=0.12), Ae¢ is the minimum mecson energy for which the temperature coefficients were calculated
(A€ =0.24), x = cos z, where z is the zenith angle of the incident particles. For our purpose,
considering the approximate nature of Equation (1) and the inaccuracy of the equivalent screen,
we can assume that z = 0 and x =1,

Substituting numerical values into (1), we obtain

[ A W

W e & W - hhAe (2)
L
The variation in the total effect (w, + W, ) will depend on the traction contributed by the

u -meson and x-meson clfects to the total temperature correction. W is only substantial at
great heights, and for Ac - 0.24 the part played by W, is eight times smaller than W ;. For a
specific ease of annual variation, the relative part played by W4 is still smaller, since the
annual variations in temperature decrease with height. As a result of the difference in the
height distribution of the annual temperature variations, the effect of the change of the screen
in AW may be somewhat different at different stations.

Fig. 3 shows the variation,
calculated from Equation (2),
in annual variations ol the total
temperature correction as a
function of the variation in
screen for Moscow, Yakutsk
and Cheltenham (1942 - 1946).
The changes in annual variation
are expresscd in 4 ol AW, at
the given station (Table 2).

Fig. 4 shows the experi-
mental values of the inverse ’ . Y 55 20
annual variation ( Al - AWg)
AW, and (Al - AW,)/ AW)
after AW has been corrected

e,
I~ -

T i /

Fig. 3. Changes {n ammual variation of the temperatue correction as a
function of screen, Stralght lines calculated by equation(2); 1 - for Moscow

for the variation in the screen. .and Yakusk; 2 - for Cheltenham. The plotted data poins -- are experi-
The values ( Al - AWO)/ AW, mental values of the annual variation y_# , in %; solid points --

. . - . \.-

increase with the increase in without screen comection, open point - with screen corrections; squares --
the screen and lie nicely along Yakuwsk; circles - Moscow; triangles - Cheltenham.

a straight line parallel to the

theoretical one. After correcting W for the screen variation, the inverse annual variation (AI -
&¥,)/ AW, does not show any regular dependence on the screen, and it can be taken that its
value, within the limits of errors, coincides for all stations. Thus, the difference in the
relative inverse annual variation in I - W in Moscow, Yakutsk and Cheltenham can be explained
by the use of the same temperature coefficients for calculation of temperature corrections with
different screens.

Origin of inverse annual variations with screen 240 g/cm2

In Moscow, the screen over the apparatus has corresponded fairly closely, since August,
1954, to Ae =240 g/cmz, but an inverse wave I - W has been observed (Curve 1 in Figure 1).
In Yakutsk the screen correction of W has reduced the inverse wave I - W, but has not eliminated
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it completely (dotted curve 2 in Figure 1).

The shape of the [ - W curve for Cheltenham, however, has hardly changed after correction
for the screen. The relative variation in ( Al - AWO)/ AW, by 4% of AW, for Cheltenham, where
AW, is small, gives too small a figure in % of L, to have any a preciable effect on the shape of
the I - W curve in Figure 2.

It scems fairly probably that the inverse seasonal wave at 1 screen thickness of 240 g/cm2
is also the result of inaccuracy in the temperature corrections.

The temperature coefficients which were used for calculating W when the screen was 240
g/cm? are cvidently too high. Indced, if the inverse wave I - V/ is a function of the increased
temperature cocfficients, it must be a function of the annual temperature variation and have the
same value in % of W, at all stations, which is approximately the actual case (Figure 3). The
variation in I expressing the changes in the intensity of primary cosmic rays evidently ought to
be the same in percentages of [, for Moscow, Yakutsk and Cheltenham, since the geomagnetic
latitudes of these stations are c(fose (Yakutsk 51° N, Moscow, 59° 8' N, Cheltenham 50° 1' N) and
the instruments used are identical. However, in % of Iy, the variation at Cheltenham is
definitely less than in Moscow or Yakutsk. The increase in the temperature coefficients is
most likely the result of inaccuracy of the exponent taken in the formula for the differential
spectrum of the meson-generating component.

Dorman took dN/de ~ ¢ (4% ¥) and y= 0.5. At the
present time ¥ = 0.35 is usually taken for the primary
particle differential spectrum in the energy region WL
lower than 30 Bev {7]. Temperature coefficient den-
sity curves were calculated for y =0and ¥ = 1. It ok
was assumed that within this range the increase in
temperature coefficients is proportional to the varia-
tion in ¥ . The temperature correcctions are signi-
ficantly affected by the value of ¥ , whereas they vary

d
1
! : ! . O] S A
little when the other constan!s in the theoretical o+ |
formulae vary. ,
Figure 4 shows the varialion in areca under the " ,
temperature coefficient density curve during varia- N Ly X
tions iny from 0 - 1, assuming a linear dependence 0 @ c2 S5 04 5 a6 Q7 98 ¢35 10 U

of the coefficient increment on ¥ . The area under
the curve shows the intensity of variation in per-
cent of the mean, when the temperature varies by
1° C throughout the atmosphere, or the tempera-
ture correction W,. At y = 0.5, W is taken in Figure 4 as 10)%. Figure 5 shows the relation-
ship between W, and actual annual variation AW for various stations. In Yakutsk the distribu-
tion of annual variations in temperature with altitude, as a firs® approximation, can be con-
sidered the same as in Moscow. It is quite clear from Figures 4 and 5 that when ¥ = 0.35, the
annual variation in Moscow and Yakutsk should be reduced by approximately 7%, and in Chelten-
ham by 5%. For Yakutsk, the correction due to the reduction i ¥ is added to the correction for
the screen. In Cheltenham the correction due to y is opposite in sign to the screen correction
and they cancel themselves out, If we use the temperature coe ficients corresponding to y =
0.35, then as is clear from the curves 3 in Figure 1, the reguler inverse annual wave I - W in
Moscow and Yakutsk disappear almost entirely. The wide spreid of the mean monthly I - W for
Moscow and Yakutsk, after the correction for the screen and for ¥ have been made, is not
substantially different from the one for the mean monthly value:: at Freiburg and Cheltenham.
Curve 5 for Cheltenham and curves 3 for Moscow and Yakutsk, are, generally speaking, similar.
Slight differences may be due to the observation conditions not heing sufficiently constant (for
example in Moscow) and to the inaccuracy of meteorological co ‘rections.

Thus, there are no grounds for assuming that there definit::ly is an inverse seasonal wave in
cosmic-ray intensity.

Fig. 4. Tie Depence of the area under the
curve of the density of temperatwe coefficient,
W on the value of gamma,

Conclusion

Investigation of the annual variations of nonmeteorological >rigin in the intensity of the hard

~J O
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component in cosmic rays, at stations with high
annual variation in temperature, requires very
careful calculation of temperature corrections.
The following conclusions may be drawn from the
rescarch carried out:

1. The regular inverse annual wave which is
found to exist at USSR stations, after the data has
been corrected for temperature by Dorman's
method, can be chiefly explained by the insufficient
accuracy of the temperature coefficients used.

2. When calculating temperature corrections
by Dorman's method, the difference between the
actual screen over the instrument and the screen
for which the temperature cocfficient density
curves have been computed must be taken into ac-
count, This is particularly important when the
temperature variation is great.

3. The value of 7y = 0.35, in the formula for
the -{neson—generation spectrum dN/dc ~—

e ~(2+y , seems more probable in the energy
region less than 30 Bev rather than the value of
y =0.5.
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FIg. 5. Wg in%, as a functon of AW, in
% with a screen of 240 g/cm2 and ¥ = 0,5,
1 - for Moscow and Yakusk, 2 - for Cheltenham,
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N. 8. Kaminer

EFFECT OF SMALL CHROMOSPHERIC FLARES ON INTENSITY OF HARD COMPONENT

IN COSMIC RAYS

Introduction

One of the most interesting problems arising in the study of variations in cosmic-ray in-
tensity is the gencration of high-energy charged particles on the sun. The great increases in
cosmic-ray intensity observed from time to time show that the acceleration of charged
particles is due to the processes accompanying the origination and development of chromo-
spheric flares. Since such events, however, are observed very rarely, and chromospheric
flares occur on the sun fairly often, it is most probable that the majority of the flares are ac-
companicd by increases in cosmic ray intensity.

Indeed, this effect ('small flare' effect) has been discovered in the neutron [1] and hard
{2] components of cosmic rays.

Comparison and analysis of the results of [1] and [2] has led to the rather unexpected con-
clusion [3] that the small flare effect in the hard component is (f a complex nature and is not
only due to the influx of additional particles, but also to meteorlogical factors: the additional
stream of short wave radiation leads to variation in the temperiiture of the atmosphere's upper
layers, resulting in variation of the hard component intensity. It appears that the contribution
made by the meteorological effect is so substantial that it is m:inly responsible for the increase
in the small flare effect discovered in [2].

This conclusion, which has been arrived at on the basis of Dorman's coupling factor
method [4] is a point of departure for special investigation of th: meteorological origin of the
small flare effect in the hard component. Below we give the results of this investigation for the
hard component of cosmic rays recorded at a number of points in the Soviet Union.

Small flare effect

The effect of chromospheric flares on the intensity.of the hird component [2] was studied by
the epoch superimposition method. The appearance of a chromspheric flare was indicated by
the cessation of short wave radio contact, i.e., cases of very powerful, geophysically effective
flares were purposely chosen,

A separate analysis of the data for daytime (9 AM - 4 PM, local time) and night time (4 PM
- 9 AM) showed the following:

a) At the moment radio contact ceases on the side of the e: rth lit by the sun, there is a
sharp increase in the hard component intensity by 0.3 * 0.06%, vhich gradually fades during the
next twelve hours.,

b) The effect is totally absent on the unlit side of the earth

Firor [1) has investigated the small flare effect in the neut: on component and discovered an
appreciable increase in intensity of 0.6 *0.15%. The intensity 1eturns to its normal level within
two hours. It is characteristic that a relationship was also discovered between the power of the
chromospheric flares and the increase in the neutron componen' with a correlation factor +0.6 *
0.2.

The results of [2] might have been considered confirmation of the fact that chromospheric
flares generate high-energy particles, and that the slow fall in "he intensity might have indicated
that the generation lasted many hours after the flare began, or hat in the regions nearest the sun
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there were some kind of scattering centers. The diffusion on these centers made it possible for
particles to impinge upon the earth for a long period after they had left the sun.

It was shown in [3], however, that the results obtained in [1] and [2] were incompatible. The
amplitude ratio of the neutron effect and hard component should not be 2:1, as was observed, but
40 (50):1. The hypothesis is being put forward that the increase in hard component intensity
during cessation of radio communication in the daytime is a meteorological effect: an additional
stream of ultraviolet radiation during the flare may cause appreciable temperature variations in
the ozone layer and produce the effect observed. This explanation also throws light on such
phenomena as the absence of any effect in the hard component when it is dark, and the slow
decrease in intensity after the maximu, whose duration is considerably greater than the time that
the chromospheric flarc lasts.

It should be pointed out at the same time that a direct comparison of the results of [1] and [2]
can only be made qualitatively, and even then with great circumspection.

During the rescarch [1] there was discovered a marked relationship between the power of the
flares and the amplitude of the neutron component increase. Most of the flares used for the
analysis in this research, however, had a power of 1+ or 2, As opposcd to this, the small flare
effect in the hard component involves exceptionally powerful chromospheric flares causing
cessation of short wave radio communication, i.e., flares obviously effective in the geophysical
sense. When comparing results this fact should be taken into account. Furthermore, it should
not be forgotten that the amplitude of the effect is different for different years [1].

All this suggests that the slight differcnce in the increases in the ncutron and hard com-
ponents in {1] and [2] may be to a considerablc extent the result of a difference (nonuniformity)
between experimental data and analytical methods. And if the effect in the hard component cannot
be completely explained by the influx of additional streams of cosmic-ray particles, it can be
assumed with fair validity that the additional stream and meteorological effects may, under
certain circumstances (as, for example, in [2]) make a considerable contribution to the observed
increase in the intensity of the hard component.

Experimental data and analytical methods

As had already been pointed out, the expected small flare effect in the hard component is
very slight -- considerably less than the accuracy with which the data is recorded. Hence, in
order to obtain a statistically significant result, we have to make use of a large amount of ex-
perimental data. This can be done by analyzing data from several cosmic-ray stations and
selecting a time period over which a large number of flares were recorded on the sun.

During the minimum solar activity in 1954 there were no chromospheric flares on the sun.
Some were recorded in the second half of 1955, and then in 1956 solar activity sharply increased
and the number of recorded flares reached several hundreds. Hence, for our research we used
data for intensity of the hard component during 1956, corrected for the barometric effect, Names
of the recording points and their locations are given in the following table,

Cosmic ray recording points

Geographical
POINT Geomagnetic
Latitude Longimde latitude
Thilisteyseerennans 41,7 44,8 36,3
IKuBK. ceevvavenes 52,5 104,0 40,8
MOSCOW, ovevassae 55,5 37,3 50,8
Sverdlovsk. . 56,2 61,1 481
Yakutk,coooaoneas 62,0 129,17 51,0

To obtain reliable results, it is vital to select the correct analytical method. Since the
solar—diurnal variation may greatly distort and mask the effect, in earlier research [1,2] it was
excluded by subtracting the first harmonic of the mean diurnal variation from the hourly intensity
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values. We also used this method, although one of its great disadvantages is that the analytical
results may be appreciably influenced by semi-diurnal variation, which during some years is
comparable with the actual effect under investigation [5].

Hence, in addition to the above-mentioned method of corre:ting the data, we used another
method which makes it possible to eliminate all regular variations in cosmic rays within the
diurnal period. For this, the mean monthly hourly values for iatensity are subtracted from the
intensities recorded every hour. It is casy to see that in this case we exclude all variations
arising in the mean monthly diurnal variation, Admittedly, thi; method has its disadvantages
as well., For instance, if the number of chromospheric flares 'uring the period under analysis
is considerable, or if there is a stable (in a diurnal respect) flzre effect for the month, it may be
considerably weakened under this method.

We therefore used both methods, and were able to compare the results directly.

The analysis was made by the epoch superimposition methcd. As zero-hour we took the
time when a chromospheric flare was observed (or originated). On the left and right of the in-
tensity at zero-hour we note the values for the 6 preceeding anc 10 or 18 subsequent hours.

For the rescarch we used data on chromospheric flares frcm observations carried out by
astronomical observatories in the USSR, which network covers the interval from 4 AM to 2 PM
world time. Thus, the very important interval between 3 PM aad 3 AM is left out.

During observations, the
moment of occurrence of a chromo- Lo
spheric flare is recorded com- % AT
paratively rarely, whereas it is 4208 -
actually the beginning of the flare
which it is important to compare
with the cosmic-ray data, Taking go¢
the consequent uncertainty into
account, and striving to improve
the statistical accuracy of the q00
data, we arranged our material
into sets in such a way that each
set contained information on
flares observed over a two-hour
period. In this way we had six 2.0
sets of data in which the zero
hours related to 7 - 8, 9 - 10,

11 - 12 AM and 5 - 6 PM local aq00
time at each recording point.

206 -

0,02

902

g0z

As can be seen from Figures 6 0%
- 14 in the reference [G], during
these hours the observation 005

points are outside the impact
zones, excluding Moscow and Q%
Sverdlovsk, which are in the 9-
hour impact zone for only a
short period of time. It is Qo0
clear from this that during the
analysis we have to limit our-

selves to finding the only pos-

sible meteorological effect of

the flares in the hard components.
This greatly hampers the solu-

tion of the task and in effect

leaves unsolved the question of

the effect of small flares in the Fig. 1
hard component due to the influx of additional particles from th: sun.

0.0

~om
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Results

Let us take a look at the results of the analysis. Investigation of the effect from data for
all the points from which the first diurnal variation harmonic has been excluded produces the
results shown in Figure 1. The graphs in Figure 1 reveal a characteristic detail: when there
are chromospheric flares on the sun, there is a maximum of 0.04 - 0.08% in the intensity of the
hard component, and the position of the maximum is hardly dependent at all on the time of ob-
servation of the flare on the sun and is recorded at 1 - 3 PM local time. We will now attempt to
explain this fact.

The appearance of a maximum in hard component intensity g%
during the afternoon leads to a curious consequence. As pointed ) 11 I
out above, it was shown in [2] that chromospheric flares causing
cessation of short wave radio communication observed during 202 -7
the part of the day when it is light (9 AM - 4 PM local time)
leads to a sharp increase in the hard component intensity of )
0.3% with a subsequent gradual decrease. On the basis of 202 - !
data in Figure 1 we plotted a graph for the intensity of flares 1
observed from 9 AM to 4 PM local time. The result shown in L
Figure 2 looks very much like the result in [2], although the & ¢
magnitude of the effect is almost one order of magnitude
smaller. The recason for this may be that in {2] the chromo-
spheric flares used for analysis
were exceptionally strong in their
geophysical effect, while most of &7
ours had a power of 1 and 1+.
Hence, taking into account the 1=
positive correlation between the  , ,,_
flare power and the magnitude of
the effect in cosmic rays 1], we 296~
should not wonder at the dif-
ference in the effects in Figure
2 and in |2}, qo2 -

The gentler increase in in-
tensity shown in Figure 2 com-
pared with the sharp increase
reported in {2] is due to the fact
that it is only in rare cases that ™
the actual moment of origin of o2 -
the flare is noted; in most cases
flares are observed after they qx
have occurred. Furthermore,
there are often several flares in
the active region, and the super- 4
imposition of these flares must 5,5, -
also lead to a diffused "leading ’
front" in the curve, when qo0 ~
analyzing it by the epoch super-
imposition method,

Let us now take a look at
results obtained from data for
which the mean monthly varia- - .
tions have been excluded. They -6 -4 v
are shown in Figures 3 and 4. Hours Hours

Figure 3, just as Figure 1, Fig. 3
shows an appreciable maximum in the afternoon, although the quality of the results is much poorer.
The intensity maximum for flares observed from 9 AM to 4 PM (Figure 4) is also less pronounced.

The poorer quality of the results by the second method and the very fact of a stable intensity
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maximum in the hard component in the afternoon, regardless o: the time the flares are observed,
can apparently be explained from a single standpoint.

The flares are closcly associated with active regions on the sun. Hence, the number of
flares is detecrmined by the active regions on the visible hemisy here of the sun and the degree of
activity of these regions. The time taken by the active regions to pass across the visible hemi-
sphere and the period over which their activity develops are ex ensive. It may therefore be con-
sidered that the probability of a flare appearing at any moment >f time during 24 hours is con-
stant. In effect, if it is assumed that the activity of the chromc spheric flares is proportional
to the cnergy radiated by them per unit of time during the day i1 the hydrogen line Hy, it turns
out that this flare activity index is a slowly varying function of :ime (7). Consequently, if flares
are observed during the evening, the probability of them occurting earlier is considerable. This
conclusion also follows from our data. That is why it is possibie to have a stable maximum in
hard component intensity in the daytime during the active periods, provided, of course, it is
assumed that the observed effect is of meteorological origin. As confirmation of this it can be
added that publication [1] shows the existence of a close connection between the flare activity
index and the nuetron intensity increase in impact zones.

The reduction in the clear-cut nature of the effect in I Sy
Figures 3 and 4 is explained at the same time. If the q04-
flare activity index is a slowly varying function of time,
the effect of chromospheric flares may even manifest
itself in the value of mean monthly hours. When using q00 -
the sccond method, we weaken this effect to a consider-
able extent, which means that the results are not so
reliable,

Let us take it that the observed increase in the
hard component by 0.04 - 0.087% is the result of the
action of an additional ultraviolet stream of radiation Fig. 4
emitted by the chromospheric flares in the upper layers of the atmosphere, most probably in the
ozone layer., If it is roughly assumed that the ozone layer is 2C km higher, i.e., that it lies in
the layer 0 - 25 mb, the increase in hard component intensity n ay be explained by a tempera-
ture decrease in this layer by (0.04 - 0.08) %: 0.01% =4-8°C [3, 1].

It is rather difficult to detect this temperature variation dii ectly from radiosounding data
for the following reasons:

a) radiosounds are sent out only occasionally - 2 - 4 times in 24 hours;

b) the relative number of radio sounds reaching heights of 25 - 30 km is very small;

c) dispersion of the temperature at these heights due to in: trument errors in the radio
sondes and advective-dynamic processes in the atmosphere.

q02-
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Section III
EXTRAATMOSPHERIC VARIATIONS IN COSMIC RAYS AND CERTAIN THEORETICAL PROBLEMS
A. I. Kuz'min
BASIC FEATURES OF SOLAR-DIURNAL VARIATIONS IN COSMIC RAYS

Study of diurnal variations in cosmic ray intensity, I, using crossed telescopes (1], investiga-
tion of the meteorological contribution of the troposphere to the diurnal effect [2] and correla-
tion of the variations with diurnal and geomagnetic activities [1, 3-8] point equally to the extra-
terrestrial origin of the greater part of these variations., So far, however, there is no reliable
information on the effect of diurnal variation in the temperature of the upper layers of the at-
mosphere on the diurnal effect of I. Hence, the magnitude of the effect on the earth's surface
and at various levels in the atmosphere is not known.

The determination of the chief characteristics of the diurnal variations in I made by Dorman
[9] suffers from a number of substantial shortcomings. First, it is assumed in the analysis that
the primary variations 8&D(e )/D(c) are the same at different points on the globe. When they ap-
proach the earth, however, primary cosmic rays redistribute themselves as a result of the in-
fluence of the geomagnetic field. Hence, diurnal variations &D(e )/D{¢) may be different in dif-
ferent parts of the world, as gas quite rightly pointed out by the author of {9].

Sccond, Dorman has assumed that the diurnal variations in I do not vary with time (or if
they do, then only slightly). Hence, when determining energy characteristics, he compares ex-
perimental data relating to different observation periods (1938-1944 and 1950-1954). However,
detailed investigation [3, 5] has shown considerable variations in the diurnal variations in I with
the solar activity cycle.

Third, it is assumed without reason [9] that the meteorological contribution does not vary
with the latitude of the observation point. It is therefore both desirable and of interest to check
the results of earlier research on the chief properties of the diurnal variations in I from syn-
chronous observations in various sectors of the cosmic-ray energy spectrum carried out at a
single point.

This article describes the results of processing synchrgnous cosmic-ray intensity measure-
ments over a wide range of energics from 2 - 109 to 200 - 109 ev recorded by the installations in
Yakutsk (X = 51° North, ¢ = 193°8' East) over 1957/1958,*

The hard component in I at the earth's surface is recorded in Yakutsk with ASK-1 and S-2
ionization chambers [10] and semicubic triple-coincidence telescope identical to the telescopes
set up underground at 7, 20 and 60 m water equivalent (w.e,) [11). The neutron component in I
is measured with a local-generation neutron monitor [12] developed at NIZMIR {13} and later
improved at the Yakutsk laboratory [14].

Figure 1 shows solar-diurnal variations obtained by averaging annual observation material
from July 1957 to July 1958, making allowance for the barometric effect for each unit separately
(crosses). In order to make the data comparable, the readings for different units have been
averaged for the period over which they were all working at the same time and over which data
was available for complete 24-hour periods.

The layout of the installations recording the cosmic-ray intensity at the YBSDAS cosmic-ray
laboratory will be found at the end of this book.
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The baromectric effect was calculated with the aid of the following factors: 0.65%/mb for the
ncutron components [16], 0.11%/mb for the hard component at th2 earth's surface measurcd from
ionization (21}, 0.13%/mb for the hard component on the earth's surface measured from the num-
ber of particles [15], and 0.10, 0.08 and 0.04%/mb at 7, 20 and €0 m water equivalent,
respectively underground. During the observation period there vccurred a large number (about 14)
of effective magnetic storms with a pronounced Forbush effect (17), which might have appreciably
distorted the true solar-diurnal variations in I, hence the day the storm began and the next day
were discarded from the averaged material. The diurnal curves for I obtained in this way are
given in Figure 1 (continuous line).

Table 1 gives the am- s 830 sy
plitude and time of the first J J J
two harmonic components of ¢¢
the diurnal variations in
I, measured in different ez
sectors of the cosmic ray
energy spectrum. Further-
more, the diurnal variation &
in I is shown in Figures 2a 02
and 2b which relate to di-
urnal variations in Ih before
and after correction for
temperature effect, res-
pectively. The temperature
effect correction is made by
the standard method [9]
using temperature coef-
ficient density curves {9,

15] from data of four
soundings of the atmosphere.
The errors shown in Figures
1 and 2 and contained in " 5 : s
Tables 1 and 2 have been
calculated from mean square
deviations and represent 83.%

average errors. J
The following designa- PP 13 2

tions are used in Table 1 oy 8 T b

and below: A Ahg thyand Sue ZEgn e S

thy are the amplitude and 1005

time of the maximum of the

first and second harmonics 7

for diurnal cosmic-ray Fig. 1. Diumnal intensity of various componer s of cosmic rays in 1957-1958.

variations taking into ac- 1 - neutron component; 2 - hard component, neasured by fonization under a "thin"
i - shield; 3 - hard component, measured by joni .ation under a "thick” shicld; 4, 5, 6

cour:mt the barometric ef and 7 - hard compon‘::n, measured fromythe naimber of particles on the carth's sur-

fect; 'Ah v and t}"1w are the face and underground at a depth of 7, 20, and 60 meters (water equivalent), Thin

amplitude and time of solid line - intensity, corrected for the barom-mic effect, Thick solid line - pre-

maximum of the first har- dicted behavior due to diurnal variations of te:nperature in the atmosphere, Dashed

. SIS line - b .
monic taking into account ne - intensity corrected for barometric and t mperature effecn

the barometric and temperature effects.

If the diurnal variations in I obtained from observations with different installations are com-
pared, the following characteristics can be observed:

1) The diurnal variations in I obtained by averaging annual n aterial before and after ex-
clusion of the Forbush effect [17] differ appreciably one from the other. It is therefore essential
to take the Forbush effect into account when studying these variat ons.

2) The nature of the diurnal variations in I with an increase n energy of the recorded particles
does not vary to any appreciable extent. Nevertheless, the amplitude of the variations before the
temperature effect is taken into account is not greater than the co rresponding value measured

1~ O~ g
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underground at 7 and 20 m.w.e., while the time of the maximum with an increase in recorded
particle energy shifts to later hours. ”

3) The correction for temperature effect
substantially increases the amplitude of diurnal
variations in the hard component measured at the
earth's surface and at 7 m.w.e., but does not '
alter the nature of the shift in the time of the
maximum with the increase in energy. The am- YN g
plitude of diurnal 81y after barometric and 503
temperature effects x?mve been taken into account \
decreases considerably with an increase in the /8 - 5
energy of the recorded particles.

4) The amplitude of the diurnal component
of the diurnal variations in the hard component of
I, measured from the number of particles, is ap-
proximately double the corresponding variations
in intensity by ionization before the temperature
effect is taken into account, and approximately
1.3 larger after it has been taken into account.

5) The amplitude and time of maximum of the 0
semidiurnal component in the diurnal variations a
in I does not undergo any appreciable change with
an increase in recorded particle energy.

The substantial difference between the am-
plitude of the diurnal variations in the hard com-
ponent measured at the earth's surface from
ionization and the amplitude measured from the
number of particles maybe due to the following
facts. First, the ionization chamber collects
radiation with a solid angle « =2 , whereas
for the semicubic telescope the angle is W ~m,
Second, an ionization chamber screened with
10 cm Pb records the total ionization produced 3
by u -mesons and equilibrium particles in the
soft component [18], and, possibly, also by
particles of another nature (neutrons), whereas
the telescope does not record "accompanying"
particles or neutrons. Since the equilibrium
soft component increases with an increase in

K-meson energy [22], the mean energy E of the
particles recorded by the ionization chamber may
be greater than the corresponding mean energy
for particles recorded with the telescope. Fig. 2. Harmonic dial of diurnal variations. a - ac-

It is clear from the gencral trend in the cogu.med for the barometric effect; b - accounted for the
change of the diurnal variations in hard com- baromeic and temperature effects. 1 - neutron com-
ponent with depth, after correction for meteoro- ponent; 2 - hard component, measured by lonizatian, 3,
logical effects, that the ionization chamber & spa‘;fcfe; ;‘;'31;‘;';‘,1:;3'.‘;‘;‘;,;’;2’ﬁ,gduﬁ{g;“,g‘,’:,,:’;';'}’g'
located on the earth's surface at a latitude » = depth of 7, 20 and 60 meters (water equivalent),
51°, corresponds, on the average, to a semi-
cubic telescope at a depth of 7 m.w.e. below ground at the same latitude. Thus, the difference in
the mean particle energies for the hard component at the earth's surface recorded with an ioniza-
tion chamber and a counter telescope is from 2 to 3 Bev, Clearly, this difference in mean p-
meson energies is due to the difference between the p “meson energy spectrum at sea level and
the corresponding ionization spectrum. The ionization spectrum is considerably harder than the
true M -meson energy spectrum.

It should be pointed out that the diurnal variations in the hard component (prior to correction
for temperature effect) on the earth's surface are not greater than the corresponding variations

0% ; 1
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Table 1

Amplitude and time of maximum for first two harmonics in diurnal variations of I meas-

ured by different installations

Meteotological ::‘:: Hard component Hard component at
8 2 on earth's surface] depth of
effects taken g .
into account o B S8
E 3 g & Toniza- | Semi- Tm 20m | 60m
g g e tion cuble
:E! 3 3 ¢ lchamber| tele- w.e, w.e, | W.e,
z 2 Z W scope

Taking baromewric | 4»,. % 0,284 | 0,0804 | 0,160 0,174+ | 0,18 0,05
effect into accourf +0,03" | 40,002 | 40,015 | +0,02 | 10, +0,
e hr, | 14,4 13,64 | 15,54 | 15,23 ] 157 18,2
+0, 40,1 | 40,5 | £0,6 | 0, £,

An % 0,00+ | 0,03+ | 0,05+ 0.03615
40,015 | +0,02 | 40,02 | %0,
ty,, hn 7 9,64 7.3 8,04
:tng +2,0 41, +2,0
Taking baromeuld Anw, % | 0284 | 0,284 | 0,36+ | 0,274 0,1!’0%{: 0,05
a?fd f,"ﬁ;’fé’.e 40,03 | 40,03 40,04 | 40,0 | £0,025}§ 40,
Zo.f& faw b, | 14,44 | 14,04 144 14,41 15,4?; 16,2?;
40,5 40,8 40,5 40,6 0, +1,

7 and 20 m.w.e. below ground. It follows directly from this that the diurnal variations in I are
not due to a temperature effect. Indeed, if they had been due to the temperature effect of the -
mesons, the greatest variations would have been observed on the earth's surface, and as their
mean energy increased, they would have decreased proportionally to 1/¢. In actual fact, the
experimental data in Table 1 show that hard diurnal variations on the earth's surface before the
temperature correction are not greater than the corresponding variations at 7 and 20 m.w.e.
below ground. This relationship between these diurnal variations in I and the p -meson energy

shows that the atmospheric part of these variations due to a negative temperature effect decreases

with depth at a much faster rate than the part of the diurnal variations which are not due to at-
mospheric factors, and that in actual fact there is merely "maskiig'" of the true diurnal varia-
tions. In this way, despite what has been assumed (23], the diurral variations in the 4 -meson
component of I on the earth's surface are masked to a high degree by the diurnal changes in
temperature of the free atmosphere [2] and are not of atmospheri:: origin.

The reduction in the amplitude of the diurnal variations of the KX -meson component in I with
an increase in the mean energy of the particles recorded tallies with out earlier results [20] and
shows that the primary particle spectrum responsible for these v:iriations in considerably softer
than the spectrum for the whole stream. Since diurnal variations in I are observed at 60 m,w.e.
underground, their spectrum stretches at least as far as 200 Bev More detailed information on
the spectrum of primary diurnal variations in I can only be obtain2d with the aid of coupling
factors [9] which are given for our installation in [19]. These fac.ors were used to calculate the
expected diurnal variations in I for some trial spectra.

8D() __ fa, €, whene>e€]
D) 0, when € < €}

where o < 0. It is obvious that in a spectrum of the type ¢ o< 0, because the diurnal variations
in I decrease with an increase in energy of the recorded particles.

The results of the calculation and the experimental values ar« given in Table 2. It is clear
from this table that the material does not contradict the assumption with regard to the spectrum

that
we {ﬂ'““‘”. when ¢ >¢;
De 0, when e < ¢

~ o
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reduced at € = 10 to 15 Bev. The best agrcement (with a more symmetrical distribution of the

experimental errors) is found for o = -0.7 at a = 0,050 and €1 = 12 Bev. The certain dis-

crepancy between the experimental and predicted values cannot be eliminated by a further as-

sumption regarding reduction of upper spectrum or other modification of the spectrum. Indeed,

since the diurnal variations in I decrease with an increase in energy, their energy spectrum must
8D (v) (s)

[ ¥2)
decrease. Spectra of the type e - const or Dy = as—®d contradict observations at any €

because of the impossibility of agreement with the neutron or hard components at the earth's
surface or with data from underground measurements at 20 and 60 m.w.e, Hence, it can be
considered as a first approximation that the diurnal variations in I are described by a spectrum
of the type

&(1)_ _ las‘“’, when 3 > ¢,
Doy ™1 0, when ¢ £;.
Table 2

Predicted and experimental values of amplitude of diurnal variations in I (in %) at geo-

magnetic latitude, 3 = 51 North.

g Hard component
a Below ground at
=~ | Sea level g
Assumption regarding nanure of g 2 ¢ (mw.e,)
energy spectum gf
g 2 lrrom Fm[r‘L
o : foniz, partic 7 24 an
z no,
2D(s) {--'0-7.whm->-, H=5Bcy; 8=0,0408 { 051 | oo sslo2z1{0 10 o0y
Die) ™10.whon s<8y |0 =7,5 a=0.0430 | 0.42 | 01,08 o3 fo2a o160 on4
6 =10; 6 =0,0452 [0.36 Jo.28 [0 a6 ]0n,24 )0 165 0,087
€= 15, a= 0,052 00 foon foas 02019 10,104
¥D(e) {u',when eS>nle = 3% = 0,113 0,650 0,08 | 0,35 | 0 174] 0,160 0 044
D(s) =10, when s<e; {o,- 7,5, a=0, 12 0,49 | 0,28 10,36 1 0184 0, 120f 0,047
g = 10, a=0,13 a0 fosiossfo22o1z]nos
4, =15 e =10,155 0,304 0,28 10,38 | 0,23 [ n 95 | .08
5D(0)_{Bl“~2.whem‘>|| 0 =15, a}=0,21 0.7 Ju.2x [ 0,33 |n,15(0,08| n 037
D(e) 10, whenecy, 6 =75 a=10,237 0,53 10.28 ] 0,37 {0,165 0,095 n.043
g =10, a = 0,259 0,415 0,28 1 0,39 | 0,18 | 0,103} 0.047
6 =15 a=0,31 0.34 10,28 10.37 10,21 | 0,52 ] 0,056
Experlment 028410284 .36+ 10,274 |0 184 §) 05 4-
+0.03[+ 1,031+ 0,04} 4+ 0,03] 0,025]4 0,02
At @ = -1.0 the best values are a = 0,155 and ¢ = 15 Bev.

Thus, the variations are due to particles of fairly high energies, which is in agreement with
the lack of any appreciable relationship between the diurnal variations and latitude.

It is clear from Table 2 that at a = 0.155 the predicted results agree well with the experiment
in the case of cosmic rays on the earth's surface or at only 7 m. w. e. below ground. At 20 and
60 m.w.e. we observe a systematic discrepancy between experimental and predicted effects.
This may be due to the fact that the strength of the source a has a tendency to vary with energy,
firstly, because of the variation in the effective exponent in the differential energy spectrum of
the undisturbed primary cosmic-ray stream with an increase in energy, and, secondly, because
of the energy relationship between the angular dimensions of the source in a plane perpendicular
to the plane of the ecliptic.

In order to consider these possibilities, however, the direction of the effective source of the
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variations has to be determined. The direction of the motion of particles outside the carth's
magnetic ficld is determined by the angles & (the angle between the direction of the particle
motion in infinity and thc plane of the geomagnetic equator) and ¢ (angle between projection of
direction of particle motion in infinity onto geomagnetic equator plane and projection onto same
plane of a radius-vector drawn through center of earth to the poirt on its surface where the
particle must strike). These angles are a function of ¢ . In view of the fact that the earth's
magnetic field in some way redistributes the anisotropic particle stream, according to Dorman
[9]) we will only calculate the effective ¢ and ¢ ;

Table 3. Location of source of diurnal variatioas in cosmic rays

.
Component and ob-
servation level Function
12 15 25 )
|
Neutron component ®{c) 45 44 3! 37
Sea level D (v) +0 12 26 39
W e, by - 0,210t 3.10 | 1,7-10-10,9-10
L
eIV, (0, ;.,,)%— 9,0 132 70 33
DWW, (s, h,)—i—- 00 | 3.0 | 44,0 35,0
1
Hard component. Whie, h) - 0.45 0.45 1,22 0,9
From lonizadon, Y |
Sea level, » (:)W: (e, ho) rs 20 p 33 50 33
i
G, r...)% 00 | 90 32,0 35,0
, |
Hard componeat, Wrin, ke -~ 06 1 1.0 1,98 1,46
From particle ! ‘ |
number, Sea e)WT(e, hgy - | 27 N 81,0 54,0
level, s ) I
PWWIe, h) - | 0.0 | 12 53,0 | 57,0
1
* |
Hard compopent, W, (e k1) I 0,08 0,28 0,62
From number of , 1 .
particles, Tm G (W, (6,h,7) - 3.5 11,5 23,0
w. e, { -
D (s) H'P (l,h°,7)"— 0,96 7,7 24,0
il 20) - | 02
Hard component, Wy e, he, 20) - | 0.0 0,08 0,13
From number of i
-= 0 2,
particles 20 m w. e. G W, dn ho 2007 8 2
1
@ (o)W, (e, ho, 20) - 0,5 2,3
1
Hard component, W, (s, ho, 60)
From nurnber of , 1
particles 60 m w,e,| @ (MW, (e he, G0
1
@) IV, (v, ho, 60)—

~ O
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Table 3, (Continuation)

Bev
- Ty TTTTITTL, T TS B B I
| 1 | g g
b fw ! 20 g z|- | ;l' * > | hri o de
‘ i o e 13 ! EE deg |deg | T% - deg
! i ' - RN
’ | ) 8end | B | Beni
' | 1 F ’ ! |
R A R £ n o ! !
T 0 | | i |
i 1 | i
[ 0,4:10 [0,25.10°7'0,25-10%) 6,6 |
1 . {
, ! I : ; . .
A E 45 | 1S i 264 1 L 40 | 14,540,5, 7,548
i 16,0 | 120 | 75 | : | 150,5 23
! ! |
- T ”l I ; —
; |
0.62 1 1.2 | 0,69 4 681 |
|
20 i 22 \ 6,9 ‘ 186,9 32 14,040,5 6248
250 | o0 3,5 | : |195,5 |
! I
i | | |
0,91 1.0 ! 0.65 | 760 |
20 | 18,0 6.5 1262.5 34,0 14,040,5 6418
{
310 | 400 | 32,5 } I 240,5 32 |
| ’ |
0,89 231 | 215 ) 5.3 ’ |
|
31,0 4,6 | 115 i122,1 23 14,410,6) 5949
| !
3,0 | 1060 | 8,0 | { 232,6 “
1 i
3,0 0.46 | 3,67
46 | 54,0 48 66,2 18 15,4:0,7' 89410
53 | 41 23,0 178,1 8
0,2 0,7 | 1,9
3.8 17,4 21,0 10,5 16,241,2] 73418
9.8 | 87,0 9,8 49,7

7
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_ The direction of the diurnal variation source is then detern ined with the aid of these values
¢ and ¢ . The direction of the source is determined [9] from the formula

% g (e — 12)-15°,

where t, is the moment of the diurnal variation maximum in lo:al time, and ; is the effective
drift (projection) angle.

When calculating ;7 and <& we used the experimental values of ¢(¢) and &(c) [24]. The
results are given in Table 3.

It is clear from this table that the entire set of experimentil data for the period July 1957 to
July 1958 for diurnal variations in cosmic rays at one point with an encrgy range from 2 to 200
Bev results in approximately the same value of x. The mean “or all data is x = (66 £ 11)°. The
effective value of the angle & increases with the energy of the recorded particles, reaching 50°
at 60 m.w.e. It is clear from this that the source has considerable angular dimensions in a
plane perpendicular to the plane of the ecliptic.

Table 2 shows the predicted amplitudes of diurnal variations on the assumption that the
strength and the source are the same for the entire energy range. Comparison of experimental
data with expected values at o = - 1.0 shows that despite the agreement within the limits of ex-
perimental errors, the observed variations in §1I, beginning at a level of T m.w.e. are
systematically smaller than expected. Hence the strength of th- source remains unchanged with-
in ¢ angles from 20 to 30°, and constitutes

a{20 -+ 3U0) = 0,155 Bev.

On the other hand, Table 2 shows that during measurement3 at 20 and 60 m.w.e., the pre-
dicted variations in §1 are greater than the experimental data by a factor of 1.3 - 1.5, It
ensures from this that the strength of the source in the region ¢ = 45 to 50°, which is mainly
responsible for particles causing diurnal variations in I underg:-ound at latitude A = 51°, should
be approximately 1.5 times smaller than in the region &= 20 - 30°. Consequently, the coef-
ficient a in the region ¢ = 45 to 50° should be a(50) = 0.11.

The diurnal variation spectrum

tD(s) _ {as7° when €26,

bw o, when § <&

does not differ from the variation spectrum, which is due to electric fields of a solar corpuscular
stream. Dorman [9] has shown that the spectrum due both to rctardation and acceleration of
primary stream particles as well as reflection by electric field; takes the same form.

3D (0) _a

D) ~ v°

If the diurnal variations are really due to the electric field:. of the stream, the slight dif-
ference in the source strength a(50°) determined from the neutr n component and a(50°) deter-
mined from underground data, may be evidence of the fact that he strength of the source may
increase considerably with energy. Indeed, the total relative viriation in the energy spectrum
for particles when passing through a stream, taking into accourt the stream's size and its ef-
fectiveness (9], is

) 2 Ae
=
where © is the solid angle covered by the stream, v is the expinent in the exponential prime
stream energy spectrum, Ae¢ is the maximum possible variatio1 when intersecting the stream,
and r g 1. It is known from a number of experiments [25] that the exponent 7 increases with an
increased energy. Thus, according to [25], the effective value of ¥ for a region of several tens
of Bev is ~2, and ~3 for several hundred Bev.

It is clear from this that when going from ground measurerients to underground measurements,
the strength of the source must somehow be increased by a fact>r of 1.3. If we take this into ac-
count, the slight discrepancy in the amplitude of the predicted end observed diurnal variations in
the neutron component on Heiss Island is eliminated, and the strength of the source in the region

~ Ony
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¢ =45 - 50° will be less than in ¢ = 20 - 30° by a factor of approximately 1.8 [a(50% = 0.0&].

Thus, the basic properties of the diurnal variations derived from experimental data ob-
tained with a recording apparatus at one point do not clash with views regarding modulation of
the primary stream by solar corpuscular streams [9].

The results can be summed up in the following way:

1. Solar-diurnal variations in the hard component of I are masked to a high degree by
temperature variations in the atmosphere.

2. The principal properties of the diurnal variations in I from 1957 to 1958 do not contradict
the views regarding the modulation of cosmic rays by solar corpuscular streams carrying a
frozen magnetic field {9], where 1H=5-107 ¢m - gauss.
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A. I. Kuz'min, V. D. Sokolov and G. V. Shafer
TWENTY SEVEN-DAY VARIATIONS IN COSMI'> RAY INTENSITY

When studying twenty seven-day variations in cosmic ray irtensity it is important to take
proper note of the effect of the corresponding variations in meteorological factors, which
evidently play a considerable role, particularly when the solar activity is at a minimum {1]. In
previous publications [2-6] the effect of meteorological factors on twenty-seven-day variations
was either not taken into account at all, or not correctly calculated, while in [1] the temperature
effect was only calculated for a limited layer of atmosphere. This latter fact is due to the fact
that radio sounding of the atmosphere can only be carried out fairly reliably and systematically
to a certain ceiling (12 - 15 km). Hence the part played by the upper layers of the atmosphere
is still obscure. There are indications, however, [7] that twenty seven-day variations in
tempcrature arc possible in the ozonosphere and that they may cause the observed effects. Both
to check this hypothesis put forward by Roka [7] as well as to czlculate the primary variations
in 8 I in addition to data for I at the earth's surface, we have to have data on cosmic ray
measurements at a depth of at icast 40 m. w.e. below ground [8].

This communication gives the results of synchronous measurements of 27-day variations in
cosmic rays at one point {(Yakutsk) at the earth’s surface and below ground over the years 1957-
1958, and an attempt is made to determine the primary 27-day variations in 1.

Experimental data for § 1 were obtained with a standard neutron monitor {9] an ASK-1
ionization chamber [9] and semi-cubic telescopes set up at different levels below ground [11). For
the analysis we used measurements of I from July 1957 through July 1958 in the form of mean
diurnal § I,. The expected variations in intensity &N x, conditioned by variations in tempera-
ture of the free atmosphere according to Feynberg-Dorman [8], were calculated for the same
period from temperaturc soundings of the atmosphere over Yak itsk. The radio sounding was
made by the Yakutsk Weather Service three times in 24 hours; the mean é N 4 was taken as the
mean diurnal. The expected variations in § N u are calculated taking into account a tempera-
ture section of the atmosphere from the earth's surface to a pressure level of 50 mb.

The barometric effect in 81 was taken into account with the aid of constant coefficients; for
the neutron monitor ap = -0.68%/mb [12}; for the hard componert at the earth's surface op =
-0.11%/mb [13]; for the hard component at 20 m w.e. undergrovnd pp = -0.08%/mb and at 60
m w.e, = 0.04%/mb [14].

Figure 1 shows the results worked out in the form of difference curves by the epoch super-
imposition method on the basis of the continous recording of different cosmic ray components in
Yakutsk. It follows from these curves that the mean amplitude mean for 3 first peaks) of the
27-day variations in I is (1.35% 0.05)% at sea level for neutrons. and (0.52* 0.05)% and (0.33 %
0.05)% for u-mesons with barometric correction and correction; for barometric and temperature
effects, respectively. The 27-day variations were also traced v.nderground at depths of 20 and
60 m.w.e., where the mean amplitude was (0.24* 0.06)% and (0 132 0.03)%, respectively.

All the curves are of the nature of damped oscillations: each succeeding peak is approxi-
mately half the previous one.

It follows directly from Figure 1 that the 27-day variations in I over the period July 1958
through July 1958 cannot be reduced to atmospheric effects. Inceed, making allowance for
temperature variations from the earth's surface to a 50 mb level only reduces the hard component
amplitude at the earth's surface by 0.2%, and does not make any contribution to the observed
variations at 20 and 60 m.w.e., either.

If we agree with Roka [7)] that there are considerable 27-day temperature variations in the
ozone layer (0 - 25 mb), and that they completely are responsib e for 27-day variations at 60 m.
w.e., in accordance with the temperature coefficient density at this depth, + 0.014% per 1°C,
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we should expect an increase in temperature during the peak periods of the 27-day wave by 20 ~

30°C.

Variation of this kind in temperature would cause I
variation in the hard component intensity I on the T

earth's surface of not more than 0.2 -
not more than 0.06 - 0.1% at a depth of 20 m w.e.,
but with a phase opposite to that observed. At the

0.3%, and

same time, the presence of similar temperature
variations would not have a marked influence on

the intensity of the neutron component [8].

are unable to explain the 27-day variations in I by
changes in temperature in the upper layers of the
atmosphere. We can only assume that they are

basically of non-atmospheric origin.

It is clear from Figure 2, which shows the
mean diurnal intensities of the neutron and hard
component at the earth's surface, that the zero
days selected with minimal I coincide with ef-
fective magnetic storm periods. This shows the
possibility that the 27-day variations in I and the
tendency towards a 27-day repetition of the ef-

fective magnetic storms [16] have a common source

of disturbance. Whether this assumption is right
or not can be checked by comparing the experi-

mental ratios of the 27-day variations for different

components in I with the ratio of the mean reduc-
tion in intensity of these components during effec~
tive magnetic storms. They can be found in

Table 1.

It is quite clear from Table 1 that the ratios
of the amplitudes of the 27-day variations for dif-
ferent I components are really very close to the

ratios of the mean reduction in the corresponding I
components during effective magnetic storms.

Thus we

With-

T ]

[:am} , ]

osmic-ray {ntensity, in %

Q

-g?

in the limits of experimental error it can be asserted 27 £ Iz
that the 27-day variations and the reduction effect
during magnetic storms are of the same nature.
The following should also be pointed out at
this juncture. Since the 27-day variations in I
have a marked amplitude below ground at least to
a depth of 20 m w.e., it follows directly that the
spectrum of the primary variations in I certainly

stretches beyond an energy of 80 Bev.

Table 2 gives the results of the calculation of

Time, in days

Fig. 1. Difference curves of 27-day variations in
cosmic ray intensity from July, 1957 to May, 1958,

in Yakuwssk, [ - ncutron component corrected for baro-
metric pressure, 11 - hard component on the surface of
the eartgx, corrected for pressure, NI - hard component
on the surface of the earth, corrected for pressure and
temperature, 1V - hard component, underground, at a
depgleof 20 m w.e., cormected for pressure; V - hard
component underground, at a depth of 60 m w.e., car-
rected far pressure,

Table 1
Neutron moni- | Telescope 20 | Telescope 60
tot m W, e, m w, e,
ASK-1 (dlgw) ¢ ASK-1 ASK-1
From data for 27-day
vaHatons, .sseseeenees 4108 0,7340.3 0,410.15
From data for effect dur-
ing magnetic storm. . .. 4 3.5 0,69 0,27
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predicted relationships be- 17

tween the variations in I . ]

with different assumptions % 1\

with regard to the primary o - o - -u'q

variation spectrum. NJ 7
Since the 27-day varia- "% ‘Fﬂit G 1 [JV-WN]

tions decrease as the mean % g ot P

particle energy increases, ,{ \ U ,JV y

the variation in the pri- v

mary spectrum & D(e )}/IXe)
can only be satisfied by
those exponential spectra
of the type € @ for which

a < 0. The calculations
were made on the basis of
a coupling factors [8] for
the installations described

Cosmic-ray intensity, in
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in [16]. m m & x § =& 1 1 @ =& 1
It is clear from Table 2 1957 958 Months

t}ﬁt the experlmgnta.l re- Fig, 2 Mean diurnal values of cosmic-ray Intensiry. 1 - hard component on the
sults (mean for first three surface of the earth, corrected for pressure and temperature; I1 - neutron component,
corrected for pressure,

Table 2. Predicted and experimental results of twenty-sevi:n-day variations in I,

1y o Lo

‘ Test spectum - Beve Ask-1) | (AsK-1)| (ASK-1)
bD)e) —a, whene < ¢, 30 2 IRIN 0,00
“Die) ={ 0, whens > ¢, 60 1,83 v N
1 1.46 1,07 4,01
140 1,43 U, 4 0,05
180 1,26 )97 0,14
220 1,21 1,99 (O3]
260 1,20 (U] n,43
o S 1,00 D 1,00
v“)ls) o1 when |y i) 18 n,«lm 0,00
ey ™ { U, when s > "o $ be 0.00
144 BAN ), (4,02
180 348 [T (4,04
2 RES Y 0,06
460 VAR )87 0.0
@ )N 0,19
L0 ¢) ug 0.3 when ¢ > o, S0 Y7 0,42
Dy ‘{ o, when o « ¢, o0 1,73 042
N [y 0,49
v0 . LNt 0,39
1o 283 165 0,47
BN 2.8 3,60 U, 34
5.0 28T 1,06 0,3
200 230 IR 0,28
sD(e) ec 07 when y 34, 3 6L 161 0,28
Die) = { o whenege, o 3,05 ),50 0,27
7 F.00 1,65 0.25
9 4,10 3,0 0,23
i1 Ay A 0,20
Kl 4,01 V47 017
[id XSO Ry A3
20 3,00 )0 0,13

Experiment,ceceeess 4,04 U6 00 1“- 440,15

RSN N
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periods) do not agree with the assumption that §D(e)/D(e) = const with a reduction at ¢ 1 =
40 to 600 Bev, but do not belie the spectrum

D) D= l
as—@.5+0.1) -
More accurate data for o can be obtained by increasing the accuracy of the experiment. It
should be pointed out this spectrum does not agree quantitatively, but qualitatively it does not
contradict the assumptions with regard to the nature of the 27-day variations in I expressed in

{8l.
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G. I. Freydman and G. V. Shafer

SOME RESULTS OF COMPARING NEUTRON AND HARD COMPONENT VARIA TIONS
DURING THE PERIOD, AUGUST - OCTOS3ER, 1957

Considerable variations in cosmic ray intensity were observed during the period from August
to October, 1957. During this time two ionization chambers (ASK-1 with a volume of 950 liters
at 10 atmospheres of pressure, with a lead screen 10 cm thick and roofing ~~120 g/cm2; and a
§-2 with a 20 liter volume at 50 atm, with a 10 ¢m lead screen and roofing ~20 g/cm*<) and a
standard neutron monitor were operating continuously under a roofing of 50 - 100 g/cm2.

Graphs of the mean diurnal readings for these instruments corrected for atmospheric ef-
fects are shown in Figure 1. Magnetic storms with a sudden beginning are also shown. The
storm data was received from the Yakutsk magnetic station,

83055y 75 %
SO .
201

100 4

2

-100 4 -

~2001 -
-Jad -60

404 -40
1 90

Fig. 1. Mean dlumal intensity of neutron and hard components, corrected for the arometric effect, during July - October,
1957, -0 - - - -G - neutron monltor, - -®—e--@- — ASK-1 chamber, A x—2x §-2 chamber, -
periods of magnretic storms,

It is clear from the graphs that from August to October, 1957, except for three, all the
storms with a sudden beginning were accompanied by a more or less sharp reduction in cosmic
ray intensity. Furthermore, from August 16 - 29 there was a slo s variation in intensity, ap-
parently due to a variation in the intensity of the primary spectruri. The smooth rise in the
readings shown by the neutron monitor and $-2 chamber from the reginning of October to October
20 were not accompanied by any such change in the ASK-readings. The reason for this dis-
crepancy is not clear. It may be due to instrument errors, although they worked perfectly during
this period.

Table 1 gives the basic characteristics of the cosmic ray intesity reductions and accompany-
ing magnetic storms. Column 3 shows the time of the beginning ad end of the steepest decrease
in ASK-1 readings, corrected for collisions and barometric effect and column 4 shows the rate
of this decrease. For the storms on August 3, September 29 and Jctober 21 the rate at which the
intensity was reduced is of the same nature, while it is greater by a factor of 4 or 5 in the case of
the storm on August 29. It should be pointed out, however, that tte figures given in the third and
fourth columns do not describe the rate and continuity of the initia’ phase in the intensity drop
completely objectively, since it was not possible to separate the tctal drop in intensity from
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diurnal variations which were probably growing at that time on the basis of data from one station.

Table 1
o8 |Decrease in 15 o
Time of begin- |Characteroff Time of { 8% Lnmtensi u[‘if 355
wing and end of [ magnette | linear gs nal values |a~ el
magnetic stoarm |  storm decrease | 22 .. "2 ftmax, =2 E
oBE My wlipey 293
(<}
°E°sghv wPMpow. 00-5
3'3‘ TP E-a
~ =35 =38
4
3.VHI, 16.00— A, Joos fesd s 1 2.7 Hioo—
4V, 4 hrs Small 8 15 lus 072 120 | Days
10-12
29. VI, 19.24—~ 29 V1, 1.2 |[6.541 2.8 12,8 100 -
30V, 13 hrs Large 21 - 2ihrs S o | P
. a-
131X, 0040 —~ Very — — hoyef 081121170 -1
14.1X, 19 hrs large 0 2,01 300
- 5 [6-8
210X, 10.10— Very - o (e IR EJUNN E R P
25.1X, 17 hos large 0,2 180
291X, 00,15~ Very 200X, [ocofaorrs o oo |88
{ X, tohrs large - 17 hrs 0.2 f2.0 |27 |10 [Days
€
21X, 22,41 ~ AT poofuae f2 s 2.6 ik -
3.X, 14 Moderate | 7" e az s T2 Qe | DA

Columns 5 and 6 in Table 1 show the greatest drop in mecan diurnal readings in the neutron
monitor corrected for pressure/barometric factor Kp = (-0.68%0.01)%/mb , and the ionization
chambers corrected for collisions and barometric and temperature effects. The barometric
factor for the ASK-1 chamber is (-0.114 0.01)%/mb and (-0.14 £+ 0.01)%/mb for the S-2. The
temperature corrections were made by the Feynberg-Dorman method taking into account the
atmosphere's temperature section up to a pressure level of 50 mb. The seventh column shows
the ratios of the figures contained in the fifth and sixth columns.

Column 8 shows the effective upper limit of the intensity reduction calculated on the assump-
tion that the variation spectrum is in the form given in reference [1]

() ( a at sz,
PO 10 a0 e
It is clear from Table 1 that the difference ¢ exceeds possible errors in the case of cer-

tain storms. Consequently it may be considered fRar the effective upper limit of the reduction in
cosmic ray intensity during August - October 1957, changes from one storm to another within
several tens of Bev, remaining above 90.

The ratio § Np/6 Iipw for the smooth variation in cosmic ray intensity from August 16 - 29
ig 2.7 - 3.5, i.e., in this case 80 Bev € € paxs 120 Bev.

Thus, from August - October 1957, there were both smooth and sudden changes in intensity in
the energy interval with an effective upper limit of at least 80 Bev.

From data contained in [2, 3] the ratio between the variationg in the neutron monitor readings
in climax and the ionization chamber readings in Freyberg from June - October 1951 was from 4
to 5, If it is considered that these publications quote neutron component data at mountain level,
we can see that in 1951 variations in the primary spectrum occurred over an energy interval with
an effective upper limit of not more than 80 - 90 Bev.

By comparing € ;5 for variations in 1951 and 1957 we can see that during the period over
which golar activity increased, cosmic ray intensity variations occurred over a wider energy
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interval than when there is a decrease in solar activity. It should be pointed out, however, that
the increase in ¢ may not be due to an expansion of the energy interval for particles acted

on by the mechan}S$i reducing the cosmic ray intensity, but to & variation in the type of primary
spectrum in 1957 compared with that in 1951, or to some discrepancy in the coupling factors used
to evaluate € .
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Figure 2 shows the variation of a, which describes the effectiveness of the mechanism
responsible for the intensity reduction, and the ratios of the rediction in the neutron monitor
readings to the S-2 chamber readings averaged for three cases «f extensive reductions
(August 3 and 29, and October 21). As the zero day we chose th: day preceeding the commence-
ment of the reduction. It follows from the data in Figure 2 that it the same time as the reduction
in the effectiveness of the mechanism responsible for the fall in cosmic ray intensity there is
also a reduction in the effective limit of energies of particles experiencing the mechanism. R

It is not possible to elucidate the variation in the properties of diurnal variations over the
first two or three days after the sudden drop in intensity begins on the basis of data from only
-one station. But data from one station is enough to draw certain conclusions with regard to
the diurnal variations during the period over which the intensity is smoothly restored. Figure 3
shows diurnal variations in hard component intensity measured with an ASK-1 ionization chamber,
corrected for ionization collisions, barometric effects and the non-cyclic effect, which was con-
sidered linear. The curve A is obtained by averaging data for tte periods from January 24 to
27, August 31 to September 2, October 1 to 2, and October 24 to 27, i.e., the periods when the
intensity was slowly being restored two to three days after the boginning of the sharp drop. The
curve B is obtained by averaging for the periods January 17 - 20, August 26 - 28 and October 15 -
20, i.e., on relatively calm days preceeding the sharp intensity drops.

It is clear from Figure 3 that in these four cases, over the :irst 2 - 4 days after the intensity
had begun to recover, the amplitude of the diurnal variations of ;lobal intensity in hard component
is smaller by several times than on preceeding calm days. How:ver, during the drop of August
4, during the period August 7 - 10, the diurnal variations in har¢ component did not decrease in
amplitude, but rather there was a sharp change in the maximum time (8 ~ 10 hours local time
instead of 12 - 16 hours). This is also confirmed by the neutron monitor. As a result of the
small statistical accuracy of the neutron monitor data, however, a detailed comparison of the
variations in the properties of diurnal variations in neutron and lL.ard cqomponents cannot be made.

From the five cases considered we can make the following tc ntative suggestions:

1. For the first two to four days after the intensity of the ccsmic rays begins to gradually re-
cover, i.e., two to four days after the sudden drop, the nature of the diurnal variations sharply
changes compared with the calm days.

2. The variation in the nature of the diurnal variations may be different for different cases.
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A. I. Kuz'min and G, V. Skripir
REDUCED INTENSITY OF COSMIC RAYS DURING MAGNETIC STORMS

Reports that a reduction in cosmic ray intensity was observed during certain magnetic storms
began to come in at the time when the first experimental material had been obtained from con-
tinuous recording of the intensity of the p-meson component in co.smic rays [1,2]. It was
noticed {3, 4] that during effective magnetic storms a sharp reduciion was typical, followed by a
comparatively slow several-day-long recovery of the normal leve:.

It was shown in 1937 for the first time {5] that this effect was of a world-wide nature. The I
magnitude of the effect [3 - 8%] for the neutron and hard components at sea level, and also its
world-wide nature show [6, 7] the clearly non-atmospheric origin.

More thorough statistical study of observations in cosmic ray intensity over a period of
about 30 years has shown the following interesting statistical regularities in the reduction in
intensity during magnetic storms.

1. If the intensity of the cosmic rays changes during magnetic storms, this change is only
of the nature of a decrease. The intensity first falls for 15 - 40 kours, after which it recovers
its normal level in 4 - 6 days [8]}.

2. There is no simple connection between variations in the e irth's magnetic field and the
corresponding changes in cosmic ray intensity [8].

3. Brief magnetic storms normally only cause slight variaticns in cosmic ray intensity [8].

4. Most magnetic storms during which the variation in cosm ¢ ray intensity was more than
1% at two stations at least can be classed as strong and very strorg magnetic storms [7].

5. Most effective magnetic storms have a sudden beginning {9]. .

6. If a considerable cosmic ray effect is observed during a riagnetic storm at any station
(let us say 1%), we may fully expect it to be detected at other stat ons as well, i.e., it will be of
a world-wide nature, and the magnitude will not be a function of tt e geomagnetic latitude [7].

7. Storms accompanied by an appreciable decrease in cosmi:: ray intensity correlate
closely with the passage of a group of sunspots [9] through the central meridian.

8. Most meteorological effects increase the true reduction ir the hard component intensity
[10].

It should be pointed out that all these regularities have been brought to light on the basis of
experimental data on cosmic ray intensity obtained with the aid of instruments at sea level and
above at different geomagnetic latitudes and longitudes. Thus, it aas only been possible to obtain
information on the behavior of primary particles with an energy up to 15 Bev. Until recently the
following questions remained open:

1) what was the upper limit and 2) what was the energy spectr am of particles subjected to the
cosmic ray effect during magnetic storms.

The first attempt to answer these questions was made by L. I. Dorman [11]. Using coupling
factors, it is possible to determine the type of primary particle energy spectrum from the ob-
served variations in secondary component intensity by using the fc rmula

-~ O

sh@) [ —a, when 5 g ~ 40 Bev

ey 0, when ¢ >g, ~ 40 Bev, (8}
i.e., during effective magnetic storms primary particles with an anergy up to 40 Bev are
eliminated. This result fits in with Dorman’'s view that the scattering of the primary particles in
the cosmic rays is due to frozen magnetic fields of solar corpuscilar streams. In his latest
research, Dorman [12] confirms this result on the basis of mater:al from a large number of
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stations recording neutron and hard components at sea level.
This evaluation is a rough approximation, since it has been obtained from experimental data

for the cosmic ray intensity
in the stratosphere and at
two different latitudes pro-
viding information on the
energy spectrum of pri-
mary rays in the region

less than 15 Bev. Further-
more, as one of the 30°
authors of the present  pqu,

article has shown [13], 3005, 141, EFUPJ*

the coupling factors used to
obtain this result are
unreliable.

The series of observa-
tions of cosmic ray intensity
over the range of middle
energies from 20 to 400 Bev,
completed in Yakutsk by the
beginning of the IGY, and
new coupling factors make it
possible to make a more ac-
curate determination of the
upper limit and of the
energy type of primary
particles which have under-
gone the effect of magnetic
storms, and to bring to light
certain regularities in the

4 .
cosmic ray effect during mag- -/ Wﬂ-vd\ s '
netic storms.

Experimental data and
analytical method.

In this research use was
made of material from con-
tinuous recording of the in-
tensity of cosmic rays from
November 1957 to September

1958, with a standard neutron

monitor, ASK-1 ionization
chamber and counter tele-
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scopes [14] both at the earth's
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surface and at 7, 20 and 60 m
w.e. below ground. The
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temperature corrections to the T y 4 Jrd 4 v
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mean diurnal cosmic ray
intensities were based on
the Feynberg-Dorman
system {11}. The baro-
metric effect was calculated
using the factors shown in
Table 1.

Data from the whole

¢

Fig. 1. Mean diurnal intensity of different components of casmic rays on the earth's
surface and below ground, from January 1 to October 1, 1958: 1 - Moment of beginning
and end of magnetic storms; 2 - relative number of sunspots on the entre sun-disc; 3 -
locaton of active regions on the sun relative sun's equator and periods of their passage
through the central solar meridian. Numberns give duration of existence of active regions
in revolutions of the sun; 4 - 11 - cosmic ray intensity: 4 - ASK-1, Moscow, 5 - ASK-
11, Tiksi, 6 - neutron component, Yakuwtsk; 7 ~ ASK-1, Yakuwk; 8 - counter telescope
on the earth’s surface, Yakuok; 9 - counter telescope below ground at 7 m w. e, ,
Yalutk; 10-20 m w, e., Yakunk; 11-60 m w.e., Yakuwk,

series of observations of cosmic ray intensity are shown in Figure 1 in the form of mean diurnal



Table 1
Mean en- | Barometric| Mean diurnal
Level ofob Notation ergy of pri-{ coe ficlent, statlsdcal
Apparanis servation for mary par- | ¢ 'mb
accuracy,
recorders | ticles, BEV
Neutron monitor Sea level N 9 - 0,67 0,18
lonization diameter h 1y [El] - 0,1t 0,03
Counter telescope " Ta 4 - 013 0,07
- o 7mw.e. T, i = 0,10 0,09
- - 20 m w.e. ' 150 - 0,08 0.010
- - 60 m w, e, Teo 450 - 0,U4 0,14
values corrected for AJ;,.Z ““:/_ u ”M*x- 2
barometric and tempera- e 7
ture effects (Ipw). For ‘ . -
purposes of comparison .'!
the same diagram shows !
the mean diurnal values i
of I, in Tiksi and Moscow. %[ ! j gl\: ' o
The magnetic storms are 0 f ‘ l"‘, :""‘
marked at the top of the H 1
diagram in different sized \'UJ‘M e N
rectangles., The smallest : 2 rl nall :th --
one stands for the slight .2 9 o Lhw;f;ﬁ’!
magnetic storm, and the : Fot 0 L
largest one for a very 1, _/"\/"wa“ o
strong storm. The shaded ~ Mt —~— .
rectangles represent ef- 0 = AT Y ol T
fective magnetic storms 3 J/ oo i
causing a reduction in cos- /\Pﬂ"‘\l‘ Lo’
mic ray intensity. The
rectangles with a little 1% 1.; 1
stroke at the beginning show . L’v’l‘ I %Vj#"ﬂ.-..,“}
magnetic storms with a "\{Iqr W Fat [ gy
sudden beginning. The HUJWUV Lo vy "
storms have been classified > | e e
by the Yakutsk magnetic . W\.ﬁ b ] Lnbar o ™
observatory. In addition to P L o
this, Figure 1 gives a 5 VJWM el
schematic representation % J‘-W ‘r\'"fLJL ot ey
of the active regions on the 0 Vi ‘M/].‘kaij\,qﬁﬂ BT e e e T
sun by means of rectangles. R
The sides of the rectangle 7
show the boundaries of the 246 /V/\"v\))"v rk
regions in solar latitude and P
the moments at which the ™~ =%
regions pass through the g of a3 " =T dipe
central solar meridian. Beginning of End of magne ‘L'v-'\_’,
Mean diurnal figures for mikvetlc dtom, stom | + . rer

solar activity are plotted on

J 2 !

I ! 2

J G

$J2r o123

Days to zero~day Days after zero-dry

the same axis (Wulf number,
W). The solar data are
taken from Cosmic Ray

days tdo';aro- Days l‘f’t‘c; zero~

Fig. 2, Mean two-hour variadon of different component during 8 effective magnedc
storms, 1 - intemity of neutron component af sza level, Yakutik, 2-6 - caamic W
intensity, 3 - counter telescope at earth’s ;:ée' Yalunk, 4 - at 7 m w,e,, 5~

m w,e,, 6-60m w,e., at the eartl ‘s nurface,

T-



TA

~N O\

91

data for 1958.

It is not easy to note the reduction in cosmic ray intensity observed at a depth 60 m w.e.
underground during each individual magnetic storm. Hence the mean 2-hour curve for I, for dif-
ferent components during 8 effective magnetic storms was calculated and is shown in Figure 2.
The same diagram shows the mean diurnal curve for pr for these 8 storms.
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Fig. 3. Change of intensity in different components of / sz -
cosmic rays during severe magnetic storm: November 24- ] VW .
29, 1957, (Notation same as in Figure 2). g 1 I'J . L
. | | 6
Figures 3 - 7 show 2-hour variations in the + +
intensity of I during several magnetic storms in #i tx
order to trace its behavior during each one in 24 25 26 Tix%:: ngays 29 Jo

greater detail. 4, Ch ity in diffe f
It is fairly difficult to determine the absolute ’ZL%;,,,; ucy‘-;“g:nc;f g,‘;ﬁ:& ,'Z,fgnfé"c"ixi?,qf‘i"°&".?§h°

reduction in I, particularly in underground instal- 24-26, 1958, (Notadon same as In Figure 2).

lations. The snag is that during a magnetic storm there is not only a reduction in I, but also
other characteristic variations. For example, there may be diurnal variations, variations just
before the storm and statistical fluctuations. We adopted the following procedure to rid ourselves
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of them. Then, from the smoothed data, we determined the d fference in mean diurnal I,y cor-
rected for barometric and temperature effects for two days prior to the storm and for two days
following it, beginning from minimum intensity. Thismethod clearly improves the statistical
accuracy in calculating the absolute value to a considerable extent and eliminates the influence of
the diurnal effect.
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It is better to use a relative effect to determine the energy spectrum of particles which have
undergone a cosmic ray effect during magnetic storms. To do this, we referred the absolute
value of the decrease in Athi during a storm for each compon«nt to the absolute value of the
decrease observed by a counter telescope on the earth's surface (AJ tiy). Normalization with
respect to the insulation T, is due to the fact that its statistica. accuracy is comparatively high
and the coupling factors (described below) are more reliable. Furthermore, for a more objective
evaluation of the relationship between the behavior in the intensity of various components during
the reduction for the intervals, shown in Figure 1 in the form «f arrows, we derived correlation
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factors by linear correlations.
The derived absolute and
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f
[}
6l
61
0,49
013

Sz 22 sz 2

relative values of the re-
duction in I and correla-

tion factors are given in

Table 2. Besides the

ATgopw
8Tgpw

0,33
U, 1hH
0

noted effective magnetic
storms (Figure 1), the

60mw,e, (T“)

MI09, o

0.33 h21os

¥

i

4

§

i
0,2
[]

v

"
0,3
0,4
0,5

first line of this table gives
information on the storm

S

0.81 10,

0,
0,9
0.8

from November 24 - 29,
1957, which was recorded
by a group of Yakutsk in-
stallations,

ATZOE\V
ATopw

W
\
N
0
)
8
7
4
0,64

1l

.

1

]

)

¥
n
0,7
0

20 m w.e. (Tgqg)

mdoZ 1V

Analysis of data

0,95 {1,563 0,18

1,3
i
2
1,7

-meson component below ground

A considerable num-.

h
083

v

7

1
0,74

ber of correlating changes
in the intensity of different
cosmic ray components of
a world-wide nature lasting

AT7pw
&l apw

’
K

1 84

7

0.6
0,45
10,6740,

Tmw.e. (Tq)

§ - 15 days can be ob-
served in Figure 1. There

AT‘IpW

]
)
1
1.5
1.5
1,2
1.6
'
)7
1.8
0,5
1,2

are periods with a pro-

da 3
nounced decrease in I, - M)

.

[

]

o

"
u
[0
9
2.0
0,9
7

1

8

q
1
1

at all installations, iny
cluding the apparatus at
60 m w.e. below ground

Counter
telescope

0,84
7

0,76

(March 24 - 30, May 28 -
June 1, September 3 - 7,
September 14 - 20, and

correlation coefficients, r.

earth’s surface

S
8
0,85
0,3
0,82
0,91

August 8 - 20). The mean
diurnal values over these

Hard component on the

chamber

lonization

0
1.32 b, 74401

1
)
t
'
t
1
1
i
1
1
0,7
0
1

periods can be closely cor-
related (correlation factor
between T, and Tgg is

1,83
0,86

more than 50%). Further-
more, there are periods
when we observe close

an,,

Neumon
ATow

4

)

7
1,58

1.3

component

correlation (more than
60% at all installations

an,

1
H
5.8
5,0
50
4.4
5.4
2,4
]
4

.

right up to Ty, and poor
correlation with intensity

at 60 m w.e. (Tgg). Among
such are the periods
January 13- 24, February

8 - 19, March 2 - 10,

June 26 - July 5, August

6 - 15, August 20 - Sep-
tember 1, All these

Table 2. Absolute and relative values of decteasing intensity of cosmic rays during magnetic storms and

netic storm

Beginning of mag-

4.Vl &
27.VIlI 1958
30X 1958
161X 1958
25.1X 1958

Average...oeaeenasl] 415 12,5640 4

6 V&3V 1958
28.\1 1958
8.VIl 1958
17.VI1 1958

811 & 111 195k
15 111 1958

24 X1 tys?
24 1H 1958

17.1 1958

22 Vity,

periods are characterized by a pronounced reduction in w and, as a rule, coincide with magnetic
storms. From now on the storms accompanied by an appreciable decrease in w are most of
the installations in the Yakutsk network and at other stations will be called effective storms,

Table 3 gives data for effective magnetic storms.
and very atrong magnetic storms with a sudden beginn

It follows from the table that all the strong

ing are effective. At the same time no ap-

Preciable variation in I was observed during either of the two strong and very strong storms with
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a gradual beginning. Thus, generally speaking, there is an appre ziable decrease in cosmic ray
intensity during strong and very strong magnetic storms with a sulden beginning.

Of the mild storms only 44% were accompanied by a marked fal in I. Of these 7 effective
magnetic storms, 6 had a gradual beginning. It is clear from this that the overall effectiveness
of moderate storms, ‘compared with the strong and very strong type, is reduced, and we can no
longer speak of the predominant effectiveness of storms with a suden beginning. Effectiveness
of slight storms, compared with the other types, is smaller by a :actor of 3 or 4.

It can be pointed out that storms with a sudden beginning show slightly greater probability of
being effective than those with a gradual beginning (of 16 effective storms, 6 have a gradual be-
ginning). Thus the results show that the more intensive the storm, the greater the probability
of a decrease in cosmic ray intensity.

Table 3

Total number of | Number of effec- | Number of ef-
fective magnetic
magnetic storms | tive magnet. stor f storms, a3 % of
- total nummber of
Maguetic storm with with with with magnetic stoxms
sudden fadual sudden | gradua.

beginning begin, begin, | begin.
F
6
Very saong & soong.. 8 2 ] - r'«’) 7
Moderate, socesvsene 3 13 1 6 44 :
SUghticesssacrsesas 4 1 1 - 20
) 6 i

Totaheerecoaveeseeqd 10 16 1

It follows from Figure 1 that in the case of some magnetic st>rms there is a surge in in-
tensity at practically all installations a couple days before the int:nsity begins to drop. As an
example we can point out the considerable upsurge 3 - 6 days befi re storms on January 17,
February 8, March 24, May 26, August 17 and September 16. Sl ght magnetic storms are
rarely effective. Hence the short-lived slight storm with a sudden beginning on September 16 is
very interesting. Five days before this storm there began a sharp increase in intensity. Two
days before the storm the cosmic ray intensity reached a maximum and then a minimum in one or
two days. Intensity was restored after three or four days. Thus, a curiously symmetrical wave
occurred, rise - fall - rise. This was of a world-wide nature, since it was recorded at all
installations in Moscow and Tiksi. It was apparently due to high :nergy particles up to 200 Bev,
since the underground installations in Yakutsk detected it. Two active regions with a decom-
posing spot groups and a large number of chromospheric flares were passing across the central
meridian at this time. It should be pointed out, generally speakirg, that all effective magnetic
storms coincided in time with increased solar activity, and are e sidently linked with the
passage of active solar regions with a high degree of chromosphe -ic and photospheric excitation
across the central meridian.

A more detailed analysis of the reduction effect can be cited rom examination of the 2-hour
curve for intensity I, of different components. The beginning anc end of the sharp drop in in-
tensity at all insta.llgtions in our network can be observed in Figu-es 3-6 with an accuracy of 3 -
6 hours. In most cases the beginning of the reduction in L is 5 - 30 hours behind the beginning of
the effective magnetic storm. The duration of the sharp drop varies with storms and ranges from
12 - 40 hours. The beginning of the drop and reaching of the min mum coincide at all installations
within 2 - 5 hours. In the case of all magnetic storms the intensity recovers its normal level
more than four days after the minimum, i.e., after the magnetic storm ends, the intensity does
not recover its normal level.

The effect of the temperature on the reduction in cosmic ray intensity can be observed from
Figure 2, which gives a mean diurnal curve for intensity during ¢ effective magnetic storms. The
inclusion of the Feynberg-Dorman temperature correction [11] ccnsiderably reduces the fall in
intensity during the magnetic storms for all installations except tie one measuring the neutron
component, where its effect is slight, and was therefore not take: into account by us. Thus, when
studying the fall in I during magnetic storms the temperature effect cannot be ignored. On the
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other hand, the reduction in I at 60 m w.e. cannot be accounted for by the influence of tempera-
ture. Indeed, since a temperature correction in the ground level installations reduces the fall in
I during storms, this means that temperature of the atmosphere as an average has increased. An
increase in temperature in the upper layers of the atmosphere would have led to an increase in
intensity recorded by the installation at 60 m w.e. at the time. So when the temperature correction
was made, the reduction in lph at 60 m w.e. underground would have increased, which is not what
was observed.

On the basis of the above described features in the behavior of cosmic ray intensity during
effective magnetic storms, the following behavior pattern can be worked out. For several days
before a storm the mean diurnal cosmic ray intensity éw tends to increase; then, having ob-
tained maximum before the storm begins, it starts to fall gradually. A few hours after the storm
has begun, Ipw drops sharply, attaining its minimum 12 - 40 hours later during the storm's
principal phase. Then it slowly recovers the normal level when the magnetic storm is over.

Table 4. Exponents of normal variation of normal intensity with depth ¢ 1), sharp in-
tensity with depth deriving magnetic storms (7 o) and change of the n-meson spectrum
during magnetic storms.

Energy in-

terval for

spectrum “ Yr Yoo

determina-

daon
To- T — (.36 -1, W 0,74
Teo—Tay —1,04 —1,62 —0,58
To—Tx 1.8 2. -0, K2
Tr— Ty —1.49 —1,72 - 0,23
1, —T:, - 102 —2.4% 0,86
To- Ty, 1,74 2.0 -1,

—0.7440.2

Consequently, only some of the characteristic variations in intensity, to wit, the reduction
effect, can be related to the magnetic storm period. The fact of other variations in the intensity
of I,y (increase before the storm and recovery afterwards) indicates that the cosmic ray varia-
tions during magnetic storms are complex and not due to oscillations of the geomagnetic field.

It can rather be said that both the geomagnetic storm itself and the cosmic ray variations are due
to a common cause. And the effect of this cause on cosmic ray intensity begins considerably
earlier and ends considerably later than for the geomagnetic field. Clearly, this common cause
must be a change in the electromagnetic properties of the environs of the solar system in ac-
cordance with solar activity.

It should be stressed that the above noted characteristic features of behavior in cosmic ray
intensity during magnetic storms do not only occur in the intensity of different components on the
earth's surface, but also underground to a depth of 60 m w.e. It follows directly from this that
during effective storms some sort of mechanism is in action which is able to vary the primary
particle spectrum right up to energies of 200 - 400 Bev.

The existence of identical installations for recording the # -meson component at different
levels below ground enables us to make a rough approximation of the energy spectrum of primary
particles affected by magnetic storms without using the coupling factors. Indeed, if the ¥ -meson
energy spectrum coincides with the primary particle spectrum with an accuracy up to a constant
multiple, the p-meson spectrum derived by the method described below gives an idea of the
form of the primary particle spectrum.

Let us assume that the relationship between the intensity of an undisturbed 4 -meson stream
and disturbed stream and the depth in time of the magnetic storms can be described by formulae
of the type

=17 - Y
Iimpos = lo€ !and I'poss = Io poss€ 2 @

For each of the six possible intervals we can find the exponents 7j and 3. The mean
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Table 5. Predicted relative values of decrease in the intensity of cosmic rays during
magnetic storms for several test-spectra.

ANy alpw | ATpu 8Tpw | ATwpw
Test Spectrum “ | BT | Bpw | AT | BTigw | BTuw
2,5 | 0,74 | 0,67 0,55 | 0,21
3D(¢) {—a, at u>e 2.1 0,8 | 00§ 0,01 0,0
D)™ 10, at <s §,10 0,90 0,82 0,4 0,0
220 | 1,05 | 0,9 0,9 | 085 | 027
260 | 1,04 | 0,98 0,97 0.85 0,37
oo | 1,0 | 1,0 1,0 1,0 1,0
—_————
1, at <y l
1 Iy 0| 3.8 0,95 0 0 0
2 /4, LY 1,50 0,80 0,50 0,18 0
240 N ;"""\2—,—1). 220 | 1,00 0,80 0,9 0,67 0,07
(¢} st Moty BB 06 081 ) 0% | 073 | 0,13
i z ! 300 | 405 1 0,8 | 0,95 | 080 | 0,19
0, at ;>:_' | < 1.0 0 1.0 1,0 10 1,0
I S S S T
60 | 202 | o0 1 037 | 005 | 00
100 | 2,56 | 0,51 046 | 0,17 0,0
m U’(-)_{—u". st > 220} 275 0,K1 | 04 0,29 0,05
D) -, 8t u<e 260 ¢ 2,75 0.8 | 0,4k 0,29 0,07
b o t 2,70 | 0,82 [ 0,4¢ r 0.31 0.12
] - T
) 100 | 2,02 0,76 ‘ 0,55 0.2 | 0,0
LDy} o aa=0.7 180 2.00 0,80 0,66 0,39 0,08
WV By ={_3' w2 20 | 200 | 0Bt oot | 041 | 0.2
o | 2,00 | 0.8 l 0,63 | 0.45 | 0,23
! i
- 1 i I
L100 | 1,94 0% ' 062 | 028 | 00
C NG a0 ap 18 | 1,02 | 0,78 | 069 | 048 | 0,06
\ W:{_Gt a mer'fwol e | o | oorr | o | o6
e 1,60 0,8 |+ 0,71 : 0,57 0,35
o | |
’ | i ‘
8 3,28 0,81 | 0,48 1 0,31 0,12
DO (—at at 7' 8,4 00 | 0,43 | 0,29 | 0,01
v1-,,(—.)—-{_:f < ! els 0,93 ; 0,21 | 0,18 | 0,07
15 1 4,6 0,93 | 0,15 | 0,10 0,04
) t 1
I sl 216 | oo i 0,65 | 045 | 023
tiXs) eV 7 3,25 0,7% ! 0,60 | 0,42 0,22
' iy "{_:'_ PN IEFTRE RPN (1 05t 0,35 [ 0.19
n 340 | 080 | 0,36 ! 0,25 ' 0,13
| ‘ I
) i . | i
i3] 1,67 0,72 v.Tt | 0.55 0,35
W) [_ge70S at 7! 208 0,75 v,69 0,53 0,34
i = (e B 2l | o | 0,66 | 049 | 0,31
[ | 238 | o7 ; 0.5 | 042 | 0,26

difference 73 and v, gives the variations in the exponent ¥ for :he ; -meson spectrum during the
reduction in Ipwe.in magnetic storms. The normal intensity-depth trend for the Yakutsk installa-
tion network, &s shown by experiments, can be expressed by th2 ratio

Irjidnideg: It = 1:0,67:0,304 ; 0,064, (3)

~ o/
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The disturbed intensity stream can be obtained from the means (Table 2) for the relative
reduction effects in intensity during magnetic storms, by normalizing them with respect to the
u -meson intensity on the earth's surface. From Table 2 and ratio (3) we obtain

Iro Ay, e, 7, = 1:0,45:0,17 10,0135, (4)

Taking the absorption of u-mesons in the atmosphere as equivalent to 10 m w.e., Table 1
gives us the ratio between minimum p -meson energies recorded by the counter telescope:
€T e e e = 1 1,7:3,0: 7,0, (5)

Table 4 gives 71, y g andy 9 - 7 1 calculated using equations (2) - (9.
It is clear from the data in Table 4 that the variation in the u-meson spectrum during a re-
duction in cosmic ray intensity, as a first approximation, is

Tl (s) — 7£0.8
d(¢) as—07x08,

i.e., during magnetic storms there is a softening of the u ~-meson spectrum up to 20 - 40 Bev.
This gives grounds for expecting the primary particle spectrum to be similarly related to
energy, as the u-mesons, i.e., €D{e)/D(e)~¢ -0.7, and the maximum energy of particles
undergoing this effect to be 400 Bev. This spectrum can be compared with one calculated by the
coupling factor method [11]. Variations in the secondary components I;/I; are:

81, T W (e p) 2200 6
T = S (e, n]m’z. (6)

t
“nin

Here W(e ,hg) is the coupling factor of the i~th component at the level ho' 8 D(e)/D(¢) is the
variation in the primary energy spectrum, and € i, is the minimum energy for particle energies
determined by the geomagnetic threshhold or the experimental conditions.

As has been shown above, the relationship of the following kind can be expected for the re-
duction in I during magnetic storms.

e [— a:~",when € > €,
ey Y_. b, when ¢ <e.
Then the expected magnitude of the drop in I for each installation is

fl-{ = —h S Wiz, bry) de - uS W, et da. (7)

To determine the constants a, b, € 1 and y we need data on the reduction in I from at least
four different installations. We had at our disposal data from six installations recording cosmic
ray intensity over a wide range of minimum primary particle energies at one point, Let us as-
sume as a first approximation that a = kb; then, using the relative values of the reduction in I, we
can proceed to solve five equations with two unknowns. Table 4 gives the expected relative values
of the reduction in I during magnetic storms for several "trial" primary particle spectrums, cal-
culated by this method.

In the calculation we used the coupling factors W(e , h,) calculated by one of the authors [13].
These factors are very much different from those previously worked out by Dorman [11]. In the
primary particle energy region 20 Bev or more the factors have been derived from an experimental
relationship between intensity and depth, recorded by the underground installation network in
Yakutsk, and from other authors' data [17]. For energies below 15 Bev we took into account the
latitude effect in cosmic ray intensity. Moreover, the coupling factors for energies less than
minimum energy for the given installation were "blurred" on the assumption that in the act of
interaction between primary particles and air nuclei, fraction a, of the energy is transferred to
the secondary component, obeying the law of normal distribution.

Comparing the calculated values given in Table 5 with experimental ones we can conclude that
the spectrum calculated by Dorman on the assumption of the effect on I of the regular frozen mag-
netic field of corpuscular streams from the sun
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isn. uitable. Indeed, for the underground installations To, and Tgq the expected effects at €

= 100 Bev are very small and approach the experimental values as € increases. For the neut.ron
component at the same €1, the value ANp/ATopwis less than t! e experimental and diverges still
more as € increases.

For the same reasons experimental data are not satisfied by a spectrum of the type & D(e ¥/
D(¢) = const, nor of the type ele2. .. at any limitation of the encrgy ¢; from above at all, We
should point out that if we had set ourselves the task of finding an energy spectrum for primary
particles from the cosmic rays given for the ncutron and meson components (on the earth's sur-
face) as used to be done, it can be seen from Table 4 that the spectrum would have been described
by the formula

a0 () 2, when € <&,

Dy D, whene > &y,

where ¢ is in the range from 20 and 50 Bev. Thus, we would have obtained Dorman's spectrum.
This reaffirms once more that we were right in concluding that without the given underground
installations it is hard to determine the primary particle energy spectrum accurately.

It is also clear that spectra of the type e~1, and all the mcre so €-2 and €-3 deviate con-
siderably from experimental values since the relative effect in two of the lowest installations is
very small, even when they are not cut from above, i.e., when €1

The most suitable of the "test"” spectra given in Table 4 is

WD) _ [— b when & <Etn

D) 7 | ge~n1t02 when e > g,

where € = from 5 - 10 Bev and b = 0.5a. This means that dur ng magnetic storms the primary
particle intensity is influenced by a mechanism which prevents primary particles with an energy
less than 10 Bev reaching the ground. At the same time the p1imary particle spectrum greater
than 5 - 10 Bev is softencd by this mechanism, i.e., it falls more sharply than the normal
spectrum by a multiple of e-¢1z02 The strength of the sourte of mechanism for energies below
10 Bev (b) is less than for high energy particles (a). The stre 1gth of the source, a, causing the
reduction in I during magnetic storms can be.found from under ground installation data:

. WATW w/ Ao .

§ Wie hp)e 07 de

Derived in this way it is: a = 0,22 + 0.05, from whichb = 0.111% 0.03.
Thus, in its final form the spectrum for primary particle~ which have experienced the effect
of magnetic storms can be represented as

WD () _ {— 0,11 4-0,03, when € <7--2
D() ~ |- (0,22 4 0,05)-e=01t02,yhen € > 7 -2

Analyzing the data in Table 2 for each magnetic storm sef arately, we can conclude that a
spectrum of type (10) can explain the reduction in L, during ezch magnetic storm. Here the
parameters a, b, y and ¢ vary between the errors given for tiese values in expression (10).

Thus, the variation in the primary cosmic ray stream energy spectrum during the reduced in-
tensity for higher energy particles, when derived by the coupl ng factor method, coincides with
the result of direct calculations from p -meson component data, This coincidence shows that the
energy spectrum for ; -meson at sea level actually coincides with the primary particle spectrum
with an accuracy up to a constant multiple, and that when part cles with energy 109 - 101l ev
interact, there are no appreciable changes in the fraction of energy transferred by the primary
particle to the hard component.

(10

~
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Using the above described method it is also possible to calculate the encrgy spectrum of
primary particles at different moments of recovery in cosmic ray intensity to the normal level
after the storm is over. To do this we use data from mean diurnal Int during eight magnetic
storms (Figure 2).

Table 6 gives relative values for the reduction in intensity on various days after the beginning
of the reduction in I, derived from mean diurnal intensity curve during eight magnetic storms.
Here, the data for the first, second and third days after the reduction begins show the behavior of
cosmic ray intensity after the end of the magnetic storm.

Table 6
Day after beginning Relative magnitude of the decrease
of decrease In » |
. ANp P Alpw ATy ATyipw ATgnpw
coamic-ray intensity s =
Alopw ATgpw ATgpw ATy ATppw
Firtieeeoencevseees] 2.401012 \ 0,7040,05 ‘ 0,604-0 08 ' 0.6n40,10 | 0,2040,10
SeCONdissaorcacnsed =,0040.2 l 0,5040,03 1 0,6010,08 | 0,6040,10 { 0,2040,10
Thirds ceevareenenaef 1.,8040.2 i 0,6040,05 | 0,7040. 08 | 0,6040,1 | 0,2040,10

It is clear from Table 6 and Figure 2 that the neutron component intensity which falls fairly
sharply during a storm undergoes a sudden "spurt” towards recovery after the storm, whereas
the hard component intensity on the ground and below it does not. This suggests that magnetic
storms are due to two independent mechanisms. One mechanism is connected withthe moment of
commencement and ending of the storm, while the other has no appreciable connection with these
moments. The first of these mechanisms can be identified with the influence of the magnetic
field, while the second car be identified with the effect of the electric field. Indeed, the magnetic
field does not alter the energy spectrum of the primary stream, hence the variation spectrum may
be

eDie) | const, when e <z,
Iates

> gy,

0, when

or in the case of a frozen magnetic field within the solar corpuscular streams

|~|' when‘:\i%'v
()| D I B B
B ,,n| — = ar -""('ﬁ?‘”"’he“ NIy
lo when : 3 I,

Since it is only small energy particles, € <9 Bev, which are substantially scattered, it can
be said that either the intensity (potential) of the frozen magnetic field is considerably less than
thought {11}, or that the frozen field is extremely non-uniform. The second mechanism may be
identified with the electric field effect. Indeed, as we have seen, during a storm there is a con-
siderable transformation of the primary spectrum throughout the energy range. This trans-
formation takes the form

hg) [ —b,  when e« g,
Dy \

TAET ghen B o

where ¥ = 0.7+ 0.2, a =0.22 and b = 0.11; beginning at o = 9 Bev, the variations can only be
described by the term cey . A substantial transformation of this kind in the primary cosmic ray
stream may evidently be due to the effect of the electric field [5]. Hence it can be considered that
in the production of the effect in cosmic ray intensity during magnetic storms the part played by
the electric field is appreciable, in addition to that played by the magnetic field.

Conclusions

The most important results of this research can be formulated as follows:
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1. Characteristic variations in cosmic ray intensity are observed during magnetic storms
both in the case of low energy particles as well as those with very high energies up to ¢ = 400
Bev. The primary variation spectrum, determined both from measurements of u -meson in-
tensity over a wide range of energies as well as by the cdupling fzctor method, takes the form
sD() | —0,113-0,03, wvhen e<{ 742

Dy { {(—0,224-0,03)e=7202 yhen €©>7--2

This spectrum contradicts the expected spectrum [11] because of >articies being scattered by a
frozen magnetic field with an intensity of ~ 104 gauss in the earth s orbit,

2. Variations in cosmic rays during magnetic storms are due to two mechaniams, one of thom
reflecting the effect of the magnetic field, the other reflecting the effect of an electric field.
Particles with energy ¢ > 9 Bev undergo the effect of both a magnetic and electric field. Here the
part played by the magnetic field in scattering primary particles with high energies is small. The
time over which this mechanism acts is limited to the moment that the magnetic storm begins and
ends. This fits in with the assumption regarding the occurrence of a magnetic storm when the
earth comes in the way of a solar corpuscular stream.

During a magnetic storm in the atmosphere there are characteristic changes which reduce
the intensity of the p-meson component to such a degree that the effect cannot be disregarded.

In conclusion the authors would like to express their gratitude to G. A. Akisheva and T. P.
Shelekhova for assistance in processing data and to G. V. Shafer who was kind enough to make
certain unpublished data available.
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T. M. Berdichevskaya and N. A. Zhukovskaya

ON THE PROBLEM OF EXISTENCE OF SIDEREAL-DIURNAL VARIATIONS IN MESON IN-

TENSITY OF COSMIC RAYS

In their recently published work Conforto and Simpson [1] have made a study of solar-diurnal
and sidereal-diurnal variations in different cosmic ray components.

The authors studied the solar-diurnal variation over the period 1953 - 1955 at the following
stations:

Huancayo ¢ = 12° 02' South lat, » = 75° 20' West (Neutron monitor),
Climax ¢ = 32° 22' North lat., » = 106° 11' West (neutron monitor),
Freiberg ¢ = 47° 55' North lat,, * = 07°45' East (ionization chamber), and
Rome ¢ = 41° 48' North lat,, » = 12° 36' East (counter telescope).

This period proved to be particularly interesting since it was observed that the phase of the
24-hour variation underwent considerable shifts during the solar activity minimum. This had
been descovered before by Possener and Van Heerden [2].

Konforto and Simpson have represented the 24 -hour variation in cosmic ray intensity in the
following way. The amplitude-of the diurnal variation for each day was defined as the ratio of
the sum of deviations for 12 consecutive hourly intervals during which the intensity was greater
than average to the standard deviation; the standard deviation was considered constant for each
station and equal to the square root of the number of readings per unit of time.

The phase was defined as the central moment of the selected 12-hour period.

It was found that in 1953 and 1955 the diurnal variation phase remained more or less constant
(with the exclusion of a few short periods), if the intensity variation was determined from solar
time. In 1954 the phase of the diurnal variation vector shifted on the harmonic hour plate counter-
clockwise and formed a closed loop.

This effect was first detected for the equatorial station Huancayo, where there are probably
no meteorological effects at all.

To confirm what had been found, the same investigation was made for the stations at medium
latitudes (Climax, Rome and Freiburg). It was discovered that in the case of all these stations
the diurnal variation vector phase from solar time also shifts counter-clockwise, but does not
describe a closed loop as in the case of Huancayo. This is evidently due to meteorological effects.
The authors think that this regular variation in phase may indicate the presence of a diurnal varia-
tion in sidereal time. In order to test this hypothesis, Konforto and Simpson calculated the di-
urnal variation is cosmic ray intensity for sidereal time. All the vector phases were converted
to sidereal time on the assumption that on March 21 solar and sidereal time are identical, It
was found that the amplitude and phase of the vectors remained almost constant in 1954 and
hardly differed from the amplitudes and phases in 1953 and 1955. The authors assume that the
existence of a sidereal-diurnal variation is apparently due to anisotropy of primary cosmic
radiation outside the earth's atmosphere and geomagnetic field.

We carried out a similar study of the sidereal-diurnal effect in the intensity of the meson com~-
ponent in cosmic rays from data obtained by middle-latitude stations at Moscow, Yakutsk, Tokyo,
Freiburg and the high altitude station at Tikhaya Bay. We plotted a harmonic diagram of the mean
monthly diurnal variation vectors for solar time for 1953 - 1955 for all stations (and also for
1956 and 1957 for Moscow and Yakutsk). The amplitude and phase of the diurnal variation for
each month for all stations was determined by harmonic analysis,

It came to light when the plotted diagrams were examined that in 1953 and 1955 the phases of
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the mean monthly diurnal variation vectors uncorrected for tempe=rature effect showed a wide
spread. The solar-diurnal variation phases for Moscow and Yakatsk in 1956 - 1957 are the most

constant.

Wh(len the temperature Moscow 87,p¢ Yakuak . 6700
correction had been made,
which was possible for January, 1956
Moscow fré)m June 1955 to Mascow, 87; Yalusk, 92, e 1958 W

January, 18!6 . .
October 1956 and for Yakutsk ... j1gs5 ,[qo[ Alazl

for 1956, the constancy of ,I,“Z ‘10'/7.
the phases became more pro—\\~
nounced, as can be seen

from Figures | and 2. The January, 1856
phases in 1954 showed a
particularly wide and curious
spread.

Figure 3 gives the phases
and amplitudes of the solar-
diurnal variation for the
station Tikhaya Bay and
Yakutsk for the months
January - Scptember 1954. It

January, 1956

Oct,, 1956

October, 1956

can be seen that the direction Dec., 195 Dec., 1956
of the dxuma.l varl.atlon , Fig. 1. Solar diurnal variation of meson  F:g, 2, Solar diurnal variation of meson
vector shifted during this intensity in cosmic rays, not corrected {rtemsity in casmic rays, corrected for
time interval in a counter- for the temperature effect, the ternperature effect,

clockwise direction (at Tikhaya Bay for example, the vector changed direction by more than 180°,
which coincides with Konforto and Simpson's results).

Table 1
Moscow, 1954
Sidereal Tirme,
Solar time Sidereal tme 1 l o
MONTHS
A, ‘ 9B A% ‘ Wb —[ ob
January,eeoeveoscens 0,00 11.3 0,08 7.4 7.0
February,.cesacesess 0,10 11,0 0,00 9.0 9,0
March. s ciaeennnnens 0,09 9.3 0,13 8.4 9.0
Apriliceieeeasannnnses 0,12 9.0 0,13 10,2 11,0
MaY.eesesnsrannaosd 0.1t 7.4 0,11 10,8 11,5
June.soeueesosenneed 0,13 6.0 0,13 11,2 12,0
July.eecrsnsennonnsa 0,16 6,8 0,17 14,5 14,8
AUBUSL, coreessssnred 0,2t 5,2 0,20 14,6 13,0
September.sesecnses 0,17 4,9 0,18 17,1 17,0
October, cvoeevesecsd 0,12 2,0 0,05 16,5 16.0
Novemberl, cuceseoesd 0,04 12,5 0,05 4.5 4.5
December, veveesseed 0,16 12,6 0.16 5.8 6,5

Further, to test the hypothesis of the existence of sidereal—liurnal variation in the meson com-
ponent intensity we determined the mean monthly amplitudes and phases of the diurnal variation
vector for sidereal time for the mentioned stations. The transition from solar to sidereal time
was accomplished on the assumption that in the second half of M:irch solar and sidereal time were
identical. For the next 15days they were then shifted one hour, taking it into consideration that
sidereal time overtakes solar time. The results were totaled separately for each month, averaged
and analyzed harmonically.

This method produced amplitudes and phases for Moscow ovzr the period January - December,
1954. The results are given in Table 1 (columns 3 and 4, sidere¢al time I).

The same results, however, can be obtained by a simpler, hut slightly less accurate method.
If it is assumed that sidereal and solar time coincide in March, and it is remembered that a
sidereal month is two hours shorter than a solar one, the correction for sidereal time for April

|~ o
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will be two hours, for May four hours, and so on. Corrections for sidereal time in hours for each
month are given below.

January...... 20 July......... ve.. 8
February.....22 August....... ... 10
March........ 0 September...... 12
April........ .2 October....... ..14
May.......... 4 November ..... .16
June........ ..6 December....... 18
In this way we obtained sidereal-diurnal variation phases Tikhaya Bay Y akutsk
for Moscow over the same period (January - December, 1954), Jan, 1954

The results are given for comparison in Table 1, (column 5, ‘IQ’Z Jan, 1954

sidereal time I) from which it is clear that they differ only

slightly from the earlier results. Hence the sidereal effect for

Tikhaya Bay and Yakutsk in 1954 was determined by this, simpler

method., The results are given in Figure 4, {rom which it fol- Sept, 1954

lows that the sidereal-diurnal variation phases in 1954 are more

constant than the solar-diurnal variations. This supports the

view expressed by Konforto and Simpson regarding the pre-

dominant part played by sidereal-solar variations in cosmic ray

intensity during the solar activity minimum. Sept, 1954
. We t}}en calculated.the mean annual variati.on in cosmic ray Fig. 3. Solar-dfurnal variation of
intensity in solar and sidereal time for all stations. The ampli- meson tntensity tn cosmic rays, not
tude and phase of the mean annual diurnal variation for dif- corrected for Ze temperature effect,
ferent years for all stations were also determined by harmonic analysis.

The results are given in Table 2. An analysis of them suggests that there evidently exist at
the same time both a solar-diurnal variation and a diurnal variation with respect to sidereal
time. The amplitudes with respect to sidereal time, however, are small in 1953, 1955 and 1956.
During these years they were smaller than the solar-diurnal variations by a factor of 2 or 3. In
1954 (a year of minimum solar activity) the variation amplitudes with respect to the sidereal
time increased appreciably, and equal or become greater than the solar-diurnal variations for
the same year.

Table 2
Solar time Sidereal time

Station Year
A oh A% oh
Mowcow 1853 0,09 4,8 0,05 12,5
1954 0,08 10,06 0,07 11,3
14955 0,16 5,8 0,07 11,3
1956 0,12 11,0 0,06 8.5
1957 [ 12,3 0,04 7
Y akuok 1454 0,08 6,5 0,06 11,6
1455 0,07 10,1 0,04 12.0
1056 0,10 13,1 0,03 12,0
10567 0,08 14,0 0,02 3.0
Tikhaya Bay| 1903 0,03 [ 0,02 10,7
1954 0,03 4.0 0,03 4.5
1055 0,04 9.9 0,04 11,5
Freiburg 1952 0,15 11,6 0,02 11,0
1953 0,09 10,6 0,03 4.4
1954 0,04 7.7 0,05 8,4

A similar conclusion may be drawn on the basis of Konforto and Simpson's results. By adding
the mean monthly factors in the diagrams in [1] and dividing their total by 12 we obtained mean
annual amplitudes for the diurnal variation vector for the stations at Huancayo, Climax and Rome;



104

they are given in Table 3.

Table 3
1953 1954 1955
Stadon Solar time Solar time [ Sidereal dme | Solar time
anl @ |aw oA | awu o
Huancayo,..... | 0,17 4.3 0,02 , 0,06 7,2 0,16 5,9
Climax........} 0,3 | 13.0 [ 0.18] 16,1 | 039] 96 | 041 14,3
006 50 | o011} .89 | o000 12,8

ROME..ssvsenes

Our assumption with regard to the simultaneous existence of both types of variation was con-
firmed by verification of the non-random nature of diurnal variations with respect to sidereal
time. We found that the sidereal variation at Tikhaya Bay, even in 1953 when its amplitude was
only 0.02%, was genuine, since the error in amplitude was 0.006%; the sidereal variation in
Yakutsk in 1957 was also 0.02% and showed an error
of 0.004%, i.e., in this case, too, the amplitude of Tikhay Bay
the sidereal-diurnal variation proved genuine. Sept, 1954
Errors in amplitudes greater than 0.02% do not ex- AIQﬂJZ / Jan, 1954 410,/2
ceed thousandths of a percent (for example, the Sept. 1954
variation in Yakutsk in 1954 was .0.06%, and the
error 0.003%). All the results obtained suggest the
insignificantly small part played by the sun as a
source of solar-diurnal variations during the years
of solar activity minima, when the principal part in Jan, 1854
producing the diurnal effect belongs to anisotropy
of the primary cosmic particles outside the solar
system. Clearly, as the solar activity increases,
the .nu{'nbelt of corguscula:r .Streams causing dlur{\a.l Fig. 4. Sicereal diurnal variation of meson intens-
variations in cosmic radiation on the earth also in- "y cosm c rays, not corrected for the temperature
creases. The role of the sidereal effect at this effect,
time is insignificant.

We feel that the results obtained, so far, even thosé which .ally with Konforto and Simpson,
are not yet sufficient for final proof of the existence of a sideresl effect in cosmic ray intensity.
Further investigation with the use of more extensive material is essential before the question is
finally solved.

Yakuuk
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ENERGY SPECTRUM AND DURATION OF INCREASE IN COSMIC RAY INTENSITY ON

EARTH DUE TO CORPUSCULAR STREAM SHOCK WAVE

Publication [1] describes a slight increase in cosmic ray intensity a few hours before the

magnetic storm on
August 29, 1957.
Distribution of the
amplitude of the in-
crease over geomag-
netic latitude as re-
corded by seventy
instruments located
at almost fifty dif-
ferent points on the
globe (see Figure 1
taken from [1]) showed
that the increase was
due to fairly hard
particles and, in any
event, could not be
associated with the
effects of solar
flares (which have a
considerably softer
spectrum, (sce (2],
Chapter XI). The
hypothesis has been
put forward (3, 1] that
the observed increase
in cosmic ray in-
tensity is caused by
the shock wave from
the sharp leading
front of the corpuscu-
lar stream carrying
the frozen magnetic
field. In this article
we evaluate the prime
variation in energy
spectrum expected
during this process,
and compare it with
that observed. By
this method we hope
to test the hypothesis
regarding the nature

[

(3
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m

40

50

Fig. 1. Dependence of increase amplitude in cosmic-ray intensity immediately prior to

the beginning of the magnedc storm on August 29, 1957,

a - neuton monitor; b - counter telescopes (+ ) and ionization chambers ( &) (m -

stations located in high mountalm).
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of the phenomenon observed in [1].

The acceleration of charged particles when the shock wave frent passes through magnetized
plasma was considered in [4]. It was assumed that the frozen magnetic field was perpendicular
to the direction of propagation of the wave. It was shown in [4] that in a head-on collision with
the shock wave the relative change in energy for relativistic particles is

8 L (’_‘"_4,‘)"’ iyt 1)

e TV py L

where Po. is the transverse component of the particle pulse (with respect to the magnetic field),

and x = HZ/HI is the compressibility of the medium. For interplanetary gas in our case ~ = 4.
. tha_t 2 Ac 1

Since the mean value 1\?)—1 =, then e

Applying the results of the research described in [4] to our case, we can make the following
comments.

Formula (1) was derived on the assumption of infinite width of the front, and its validity
was therefore not limited by high energy increments. But in our casge, with a front half-width of
~5-1012 cm, velocity of ~~108 ecm/sec and field intensity of ~10"° oersted, the total energy
increment is Ae '—' Hl~%.10"  ev. Hence, high energy particles with €} >> 5- 107 ev will
not increase their energy by more than Ae¢ ,,.,=5 + 10 ev before striking the earth.

Second, if the kinetic energy of the particles is € k—é 5- 107 ev, the variation in energy will
be determined from equation (15) in {4] for relativistic particles:

Ae %1\ Bx—1 Uy — Uyt
PR e R e R G @

(] e o

for particles with vy >> uj - u,.
Thus, if the differential spectrum of the undisturbed primary :omponent in the cosmic ray
takes the form D{e )~¢€ k‘7 {y~2) then (see [2], Section 29, par. ¢) we obtain for the shock wave

effect
e vD (e, ) 1+7, when € < A€max,

Py = ac,, (M
) (d+7 —,:Ll ywhen O€max < Ex.
In the case of the magnetic storm on August 29, 1957, the str¢ am velocity was about 2 - 108
cm/sec [1], and consequently, the velocity of the front attained 3 - 108 cm/sec. At 1~5.101 cm
and H~10-9 ev (it follows from {1] that the corpuscular stream re s;ponsible for this storm

moved in a wide slow stream with this field intensity), this gives 2¢ masz.lS Bev, and
EEL‘J‘I«, 3, when &¢<g 0,45 Bev (4)
D ) 5
iy 0;1” when g 70,15 Bev
N b W: (¢, hy) de

Using the data in [2] (see Figure 37 in this publication, which {ives S for

L]
different components and geomagnetic latitudes), we find that the amplitudnel:mof the increase in the
hard component at a latitude of 50° will be about 1% (practically th¢ same at the equator and at
309, and that for the neutron component at latitude 50° it will be atout 3 or 4%, and about 1% at
the equator. These results coincide satisfactorily with experimen-al data contained in the figure
within experimental limits.

The duration of the increase will be determined by the time ta en by the earth to pass through
the region with increased energy particles. The dimensions of thi: region are of the nature of
the particle curvature radius, i.e., L~ ¢€ /300 H, Thus, the time taken by the increase is

T~ _E
v 300!
where v is the veloci?' of propagation of the shock wave front. Fo*: v~3: 108 cm/sec, H~10"9
we obtained at e ~1011 ev r ~105% sec ~1 day, r ~8 hours at ¢ ~3- 1010 ev, r ~3 hours at
€ ~1010 ev, and r~1 hour at e~3- 109 ev. For very low energy particles, for example € ~10
ev, v will be of the nature of several minutes. Thus, the general >ehavior the shock wave effect
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is as follows: the amplitude increases as the energy decreases, while the duration decreases as
the energy increases. It is essential to make a detailed experimental check of the discovered

behavior.
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N. S. Kaminer

EARTH ZONES STRUCK BY SOLAR PARTICLES (1 - 10 Bev)

Introduction

A great deal of attention has been given of late to the study of the effect of chromospheric
flares on cosmic ray intensity [1-4]. In certain cases powerful chromospheric flares on the
sun are accompanicd by a big increase in cosmic ray intensity on the earth [{1-3]. This increase
attains tens and hundreds of percent in the hard component {3) ar d several thousands of percent
in the neutron components [4]. Analysis of experimental data shows that these "flares’ in cosmic
ray intensity are the result of the influx on the earth of an additiinal stream of particles with
energies € £ 15 Bev generated in active regions on the sun [5].

Strong chromospheric flares causing high increases in cosmric ray intensity are a rather rare
phenomenon., The chromospheric flares observed on the sun are much more frequently weak
ones with a power of 1.2 and sometimes 3, associated with slight increases in the intensity of
the ncutron component (less than 1%) [6].

Study of the 'greater' and 'lesser' bursts of cosmic rays arec of great interest. It may pro-
vide us with important informatian on the gencration of high energy particles on the sun and the
properties of the earth's magnetic field at great distances, and ¢n the characteristic features of
the motion of high energy particles in interplanetary space.

Graphs for constructing impact zo1es

The trajectory of motion of a charged particle in the earth's magnetic field is characterized
by the following parameters: particle hardness, pc/Z; geomagnetic latitude of point at which
particle arrives on earth, ¢ ; zenith angle of incidence, ¢ , angle ¢g, between direction of
particle's motion in infinity and planc of gcomagnetic equator (gcomagnetic latitude of source),
and also the ''drift" angle ¢ , which is the difference between the geomagnetic longitudes of the
source and the point of arrival on earth of the particle. These parameters are shown in Figure 1.

Using both the theoretical and experimental results of study of the motion of charged particles
in the earth's magnetic field, Firor [6] has plotted easy-to-use graphs for {inding the geo-
magnetic coordinates of arrival points on earth as the function ¢f the particle's cnergy (over the
range 1 - 10 Bev) and the geomagnetic latitude of the point sourc: for £ = 0. The arrival points for
the particles on earth are divided into three groups, forming '"in pact zones': the late morning
zone (about 9 AM local time), the early morning zone (about 4 A4 local time) and the evening
zone (ahout 8 PM local time). The variation in the geomagnetic atitude of the source (sun) leads
to a shift in the position of the impact zones, i.e., to the appearince of a seasonal zone. The
source (sun) is not a point source, but has finite angular dimens:ons, which means that the im-
pact zones are 'blurred". Narrowest is the 9-hour zone; the evining zone changes to a "back-
ground zone'", covering the entire surface of the earth between l: titudes 25 - 60°. The relative
intensities in the 9-hour, 4-hour and background zones are 7: 2: 1 respectively for a source with
angular dimension A®g = 15°, and 7: 3: 1 when A® g = 30°. Ana ysis of experimental data shows
that the latter ratio is apparently closer to reality [6].

Analysis of the cosmic ray intensity distribution over the glcbe during four large "bursts"
has shown fairly satisfactory agreement between theoretical vievs and experimental data, A
similar conclusion may be drawn from study of the lesser bursts in the neutron component [6]. Of
the three impact zones - 9-hour, 4-hour and background - the m)st interesting are the first two.
When considering these zones we will assume that the angular di nension of the source is A $ g

—~ =
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Fig. 1, Parameten determining particle rajactory [6]. a - in meridional plane,
b - in geomagnetic equator plane,

LSRN AL SRNY NN NN BN /BN AN, B SN, B

Fig. 6, Moscow (¢ = 50.8° North lat., A = 120,5°), Annual varia-
tion of time in determining a point in impact zones (world dme) A‘l>s=
30° ( %159),
30° ( $15° with respect to the earth-sun line). During diurnal and annual motion of the earth the
geomagnetic latitude of the sun & g is changing constantly. This variation is the sun's position
may be found by using graphs for the transition from geographical to geomagnetic coordinates
[7]. The sun's geomagnetic coordinates - latitude ¢ g and longitude A s - were calculated for
various values of the sun's inclination 6@ from -23 to +23° (every 5°) and for the geographic
longitudes 0, 30, 60, ... 330°.
Making use of these data and also the fact that the angular dimension of the source was
A¢ g = 30°, on the basis of the graphs in [7] we determined the geomagnetic latitude ¢ and drift
angle ¢ (towards the west with respect to the earth - sun line) of the impact zone boundaries for
various geomagnetic latitudes of the sun¢g. The practical application of ¢ is not entirely con-
venient. Subtracting ¢ from the sun's geomagnetic longitudes A g, we obtain the boundaries of
the impact zones in longitude, expressed in degrees of the geomagnetic longitude A
On the basis of the results we plotted graphs for the diurnal and seasonal variation in the
position of the 9-hour and 4-hour impact zones on the earth's surface. These graphs are shown in
Figures 2 to 5. They are very useful for rapid calculation of the seasonal variation in the location
of any point on the earth's surface within an impact zone in the Northern hemisphere. All that
needs to be done is to draw a straight line on the graph parallel to the axis of the abscissae and
corresponding to the geomagnetic coordinates of the given point. The intersection points between
the straight line and curves for various values of the solar inclination 84, (i.e., for particular
calendar dates) are plotted on the graph which has the days of the calendar year along the ab-
scissa and world time along the ordinate.
Thus, we obtain four curves to calculate each impact zone: two of them give the time that the
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Fig. 2 Seasonal and diurnal changes in latitude in the
A0, - 30°, A — geomagnetic latitude of observation point.

the zone remains at the given geomagnetic latitude, and the cther two show the time zones stay at

8-hour impact zone,
@ —tolar inclinadon,

the geomagnetic longitude. The area on the graph covered by both pairs of curves at the same

time shows the annual variation in the time that the point ren

Figures 6 - 14 give samples of these graphs for a numbe
for Climax (USA).

wins in the given impact zone.

r of points in the Soviet Union and
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Fig. 3. Seasonal and diurnal changes in latitude in the 9-hour impact zone,
40, = % ® — geomagnetic latitide of observation point. 35 — solar inclination,

As can be seen from these graphs, the most northerly point, Tikhaya Bay, only comes into
the 9-hour zone from April through August. Murmansk.and Schmidt Cape are in the 9-hour zone
for almost the entire year and in the 4-hour zone for the winter season. The middle-latitude
stations - Moscow, Climax, Sverdlovsk, Yakutsk - are in the 4-hour zone for practically the
whole of the year and partially in the 9-hour zone. Irkutsk and Tblisi come in the 4-hour zone.

It also follows from these graphs that the width of the impact zone varies appreciably in the
course of the year and may achieve 7 - 8 hours, as is the case, for example, for the 4-hour zone
in the Fall and the Spring.

Graphs similar to these, plotted at different assumptions with regard to the angular dimensiont
of the source A¢ s, make it possible to study the cosmic ray stream of solar origin in more de-
tail, to determine the effective angular dimensions of the source, the energy spectrum of
particles, and so on.
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Conclusions

It was assumed when plotting the impact zones that the source was narrow in longitude and
protracted in latitude.

If we take the longitudinal dimensions of the source into account, the zone boundaries in
Figures 6 - 14 have to be widened by + At (hour) = AAg [2'15], where AAg is the longitudinal
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extension of the source (in degrees). Indeed, if this expanse is AAg degrees, the observation
point is caught in the given impact zone At hours earlier and le.wves it At hours later. Conse-
quently, the time spent in the impact zone is increased by 2 At rours. Here, it is only the width
of the curves in Figures 6 - 14 which changes, and not their sh.pe. On the basis of the fact that
the width of the neutron peaks in the impact zone is about 4 hou ‘s, Firor [6] has hypothesized
that AA_2260°. In actual fact the width of the neutron peaks is etermined by the both A® g and
AAg. Samce the shape of the graphs in Figures 6 - 14 is solely a function of Ay, and not AAg,
the true value of AA; can be determined only when A% has been found.

In solving this problem a substantial part must be played b data from points at which the
neutron component is recorded, for which the observation cond tions for solar originating particles
depends considerably on A®,. For example, the burst effect saould be absent in the 9-hour zone
in Moscow from July to the middle of August, if A%, < 30°, and should be retained if AP 560°. In
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Yakutsk and Sverdlovsk the pattern should be the same. Schmidt Cape remains in the 4-hour
impact zone throughout the year if A®gz~260°, and does not come under the 4-hour zone if Adg

a30° [8].
It is only after this type of analysis which makes it possible to find the most probable value
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A ¢, that we shall be able to determine the expanse of the source in longitude AA .
Firor (6] has studied the effect of chromospheric flares on the diurnal variafion in the neutron

intensity at Climax. It follows from his results that during the warm six months (April 1 to
September 10) Climax evidently does not enter the 9-hour zone. But, unfortunately, we cannot
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derive the latitudinal expanse of the source from this, since the absence of the effect in the 9-hour
zone must be observed both in the case of A = 30° as well as A¢_ = 60°, The width of the

morning neutron peak (4-hour zone) at climax reaches approximatesly four hours. If it is assumed
that A% 2430°, we can conclude from Figure 9 that the longitudinal expanse of the source AA

8
will be about 15 - 20°, i.e., considerably less than follows from Firor's evaluation (60°).
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L. I. Dorman

DETERMINING PRIMARY VARIATION IN ENERGY SPECTRUM IN REGION OF VERY LOW

ENERGIES FROM DIFFERENCES OF EFFECTS IN EUROPE AND AMERICA

It is very often difficult to determine the energy spectrum cf primary variations in the
region of low energies. The use of simple variation of the effect with latitude in the high-
latitude region, according to [1}, page 412, frequently produces a vague result because of low
statistical accuracy. On the other hand, a very large number oI stations making continuous
recordings of cosmic rays are concentrated in Europe and North America, and measurement of
the mean difference in effects on these two continents can be made with great accuracy, even
when the difference is very slight. Thus, let the amplitude of the type j variation of the type i

. . VNS (h)
component in America at the geomagnetic latitude ) at a level h, be equal to [ M () ]Amer.

(O
3 () in Europe at the same geomagnetic latitude; then, because of

and let it be al to | ————
equ [ N‘l (Ay) ]Europc

——+-— 4

L

i L
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Fig. 1, Decrease in cosmic-ray intensity as a function of geornagnetic lattude and
longitude, during magnetc storm of August 28, 1957,

the non-coincidence of the geomagnetic equator with the equator effective with respect to cosmic
rays and discovered in the research [2], these two amplitudes will not, generally speaking, co-
incide. The difference between them can be represented as

o
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As an example of the use of equation (3), we will calculate the energy spectrum of the pri-
mary variation in the low-energy region for a reduction in cosmic-ray intensity during the mag-
netic storm on August 29, 1957. Figure 1 (taken from [3}) shows the latitude-longitude de-
pendence of the amplitude of this effect.

For the most of

the cosmic ray sta- Statons

tions located in America Instrument

at geomagnetic latitudes, American ]E\n'opean Othens

from 50 to 58°, the I

mean is € ~1.5 Bev . b 5 '

* ° Neutron Minit ¢

The value Ac, for these cutron Minttor ! * !

groups of stations was Cubfc telascope N 1

calculated in [1] (see loniz. : :
tdon chamb - - .

page 420) from data for onization chamber A A A

the increase in cosmic-  m i for high mountainous stations - | ‘ ¢

ray intensity during the -
great solar flare on April 23, 1956, when the amplitude of the effect in America during isotropic
period was practically twice as much as in Europe. The value derived was Ae, ==0.7 - 0.8 Bev.
It is clear from the data in Figure 30 in [1] that W{ (€, hy) for neutrons at sea level in the
region €~1.5 - 2 Bev is about 2%/Bev. It is clear from the data in Figure 1 that the difference
in effects in America and Europe is about 0.5% for neutrons. Substituting these values into
equation (3), we obtain ~0.3 for € ~ 1.5 - 2 Bev, which is not very much different from the
value derived in [3] for some high energies (L ~0,2). Using the data obtained by stations at

j
still greater latitudes, it is possible, in princli’ple, to find 8D/D for lower energies.
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L. I. Dorman

DETERMINING POINT AT WHICH EARTH ENTERS CORPUSCULAR STREAM, NATURE
OF EARTH'S MOTION WITHIN STREAM AND STREAM VELOCITY BY MEANS OF DE-
TAILED STUDY OF VARIATION IN COSMIC RAY INTENSITY DURING MAGNETIC

STORMS

When looking at graphs showing the variation in cosmic-ray intensity during magnetic
storms, we see that they are only similar as a first approximation. They are all usually
marked by a sharp drop.in intensity and a gradual recovery. Admittedly, there are a number
of cases (Figure 1) where the fall in intensity is almost as gradual as the rise, Thus, we have
before us two types of intensity variation in cosmic rays during magnetic storms, which differ
sharply from each other. The first question which arises in this connection is what is the
reason for this great difference. We will try to show below thit the chief reason is not the
specific features of any corpuscular streams, but the way in wiich the earth is seized by the
corpuscular stream. We will show that if a stream with a frozen magnetic field seizes the
earth with its lateral front, there is a gradual reduction and al ;0 a gradual recovery of the
cosmic-ray intensity. Indeed, as shown in [2] (see Par. 36), the dimensions of the stream
region effective in scattering cosmic-ray particles is determined by the shortest distance be-
tween the earth and any of the stream's edges. This statement is evidently valid with great ac-
curacy as long as we ignore the variation in cosmic-ray intens:ty due to acceleration or re-
tardation of particles by the stream's electric field. The intensity of the cosmic ray component
i can be represented as a first approximation by the expressior

BNL 2z :
VT T A (1

where x is the shortest distance between the earth and any of tte stream's edges, L is the width
of the stream round the earth and the coefficient K! is the maximum reduction in the intensity of
the cosmic-ray component i at the latitude ) when %he earth is in the middle of the stream (when
x=1L/2). K} canbe found, according to [2] (see Chapter IV), from the formula

b} P!

() K= | (WA (e, ho)de, 2)

L max min
“

where ¢ N jg the geomagnetic threshold, h,,is the pressure st the observation level and w{
(€ ,hg) is the coupling factor. According to the theory developed in [2] (see Chapter IX), the
primary variations in cosmic rays **/lir) for streams carrying :ransverse uniform frozen magnetic
) (e)
1

fields (without taking into account the effect of the induced electric fieldE = - p [uH], where u is

the stream velocity, and H is the magnetic field in the stream)

* We will attempt to take this variation into account from now >n. A preliminary calculation shows
that this is most important when determining the variation in aiisotropy of the cosmic-ray varia-~
tion, i.e., in studying disturbances of the solar-diurnal variations in cosmic rays during magnetic-
storms.
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where L is the width of the stream around the earth,

Figure 2 represents diagramatically the passage of the earth through the corpuscular stream
and the theoretical corresponding variation in cosmic-ray intensi:y in a case where the cor-
puscular stream seizes the earth from the side when the earth intersects the stream axis.
Figures 3 and 4 show the variation in intensity when the earth, moving on, passes at a distance
of correspondingly 1/3 and 2/3 of its radius from the stream axis (it is assumed that the stream
has a circular section).

It should be kept in mind that the calculations in Figures 2-4 were based on purely geo-
metrical concepts, valid in essence for any mechanism for reduction in cosmic-ray intensity,
in particular, and for the mechanisms suggested by Morrison [3] and Parker [4]. But it stands
to reason that the conclusion is only valid as a first approximation. On closer examination there
must be some difference from the graphs in Figures 2-4, and als. differences between the graphs
themselves for different mechanisms.

In a similar way we can consider the variation in cosmic ray intensity in a case where the
corpuscular stream seizes the earth with its leading front. Here the calculation may also be made
by Formula (1), and all the terms in it have the same meaning as >efore. The value x, however,
will obey a different law in this case from the one for when the earth is seized by the stream's
lateral side. Figures 5-9 show different cases for seizure of the earth by the leading front at
four different stream velocities: 3 - 107, 5- 107, 108 and 2 - 108 cm/sec. The calculations make
allowance for the lag in stream corpuscles during rotation of the sun (radial propagation is as-
sumed). The remark made above with regard to the general appl:cability of the geometrical con-
cepts to various mechanisms is still valid for a case in which the earth is seized by the stream's
leading front.

By comparing the graphs in Figures 2-9 with the observed va -iations in cosmic ray intensity,
we can determine fairly accurately both the point at which the ear-h enters the corpuscular stream
as well as its motion within the stream and the stream velocity. > Furthermore, knowledge of the
point at which the earth enters the corpuscular stream makes it passible to improve considerably
the widely-used method of determining stream velocities from the lag in geomagnetic disturbances
with respect to the passage of active regions through the sun's cer tral meridian.

* It is planned to make a special study of this question.

** For example, for the storm on August 29, the variation in inter:sity is similar to the case
shown in Figure 6.
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LAYOUT OF APPARATUS RECORDING COSMIC RAYS AT PHYSICS LABORATORY OF

YAKUTSK BRANCH OF SIBERIAN DIVISION OF USSR ACADEMY OF SCIENCES

(®=51.0" A =193.89

A) Main laboratory building; B) extensive : tmospheric
shower pavilions; C) underground laborator; D) strato-
spheric stadon; E) building at top of shaft; 1) ASK-1
fonizadon chamber; 2) neutron monitor; 3) extensive
shower apparatus; 4) counter cubic telescope; 5) under -
ground counter telescope; 6) semi-cubic counter wele~
scope; T) 5-2 lonizadon chamber; 8) USW radio re-
ceiver point; 9) suataspheric radicsounding counter tsle-
scope,

NASA - Langley Field, Va.
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